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GENERAL INTRODUCTION 


American Chemical Society Series of 
Scientific and Technologic Monographs 

By arrangement with the Interallied Conference of Pure and 
Applied Chemistry, which met in London and Brussels in July, 
1919, the American Chemical Society was to undertake the pro- 
duction and publication of %ientific and Technologic Mono- 
graphs on chemical subjects. At the same time it was agreed 
that the National Research Council, in cooperation with the 
American Chemical Society and the American Physical Society, 
should undertake the production and publication of Critical 
Tables of Chemical and Physical Constants. The American 
Chemical Society and the National Research Council mutually 
agreed to care for these two fields of chemical development. 
The American Chemical Society .named as Trustees, to make 
the necessary arrangements for the publication of the mono- 
graphs, Charles L. Parsons, Secretary of the American Chemical 
Society,^ Wasliington, D. C.; John E. Teeple, Treasurer of the 
American Chemical Society, New York pity; and Professor 
Gellert Alleman of Swarthmore College. The Trustees have 
arranged for the publication of the American Chemical Society 
series of (a) Scientific and (b) Technologic Monographs by the 
Chemical Catalog Company of New York City. 

The Council, acting through the Committee on National Policy 
of the Amer^an Chemical Society, appointed the editors,ammed 
at the close o4 this introduction, to have charge of securing 
authors, and of considering critically the manuscripts prepared. 
The editors of each series will endeavor to select topics which 
are of current interest and authors who are recognized as author- 
ities in their respective fields. The list of monographs thus far 
secured appears in the publisher’s own announcement elsewhere 
in this volume. 
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Chapter i. 

, Introduction. 

IMiosphoric acid has always played an essential part in many natural 
phenomena particularly in the life of animals and plants. With the 
increase in the manufacture and use of artificial fertilizers it became 
a highly important commercial factor, and now that new and improved* 
methods are being developed for its more economic production a wider 
field is opening up for its industrial application — in fact it bids fair to 
displace sulfuric acid — for a number of purposes, which now require 
large tonnages of this universally employed reagent. 

Nearly all natural and industrial processes are dependent upon 
carbonic, sulfuric, nitric, hydrochloric and phosphoric acids and the 
several acids of silica. Either one or more of these relatively simple 
acids are essential constituents of the vast number of rocks and minerals 
which constitute the carth^s crust. Through their chemical activity 
the alteration of minerals and the concentration of ore bodies are in 
part effected. Most of them play a major role in the cycle of life and 
death through the medium of whic-h innumerable organic compounds 
are built up and again broken down. Finally the arts and industries 
as practised by man, and through which are evolved the manufactured 
products so essential to the maintenance and advance of civilization 
could not be continued unless adequate supplies of these simple inor- 
ganic compounds were available. 

Sulfuric acid and the acids of silica have so far proven to be the 
cheapest which arc available for industrial use and though they func- 
tion under widely different conditions (the former being effective at 
•elatively low temperatures and the latter only at high heat) they play 
nore important roles in manufacturing processes than any of the other 
icids mentionod above. 

The productirvn of all modern structural materials with the excep- 
ion of limestone and timber) whether they be of steel, copper, cement 
)r glass, is dependent upon the acids of silica. The manufacture of 
he bulk of our fertilizer materials and the refining and purification of 
nnumerable finished products are brought about by sulfuric acid, in 
‘act all of the other important inorganic acids have been or may be 
>roduced through the agency of sulfuric acid. 

15 
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There is no possibility of any acid being substituted for the acids of 
silica in most of their industrial applications since silica is either a 
constituent part of the prorducts sought (products such as cement, glass, 
tile, brick, etc.) or is present in the raw material (metalliferous ores) 
as an impurity which can only be removed by taking advantage of its 
acid properties. 

The case of sulfuric acid, however, is quite different, for the chemi- 
cal activity of this reagent is frequently more imi>ortant than the product 
of which it becomes a constituent part, and in many instances after 
the acid has been partly or wholly neutralized the sulfate radical of 
the salt or compound formed is relatively valueless or serves only as a 
carrier of a marketable ingredient. If therefore other mineral \acids 
(such as nitric and phosphoric) which form salts of high commercial 
value can l>c produced at a cost materially lower than has been possible 
by the old methods they might well be substituted for sulfuric acid for 
a number of industrial purjx^ses and thus the end products obtained 
be very much enhanced in value. 

Recent investigations on the pyrolytic method of producing phos- 
phoric acid and the actual commercial develoi^ment of this process make 
it appear that this acid will play a far more important role in the indus- 
tries than it has in the i>ast and that it may actually disj>lace, for certain 
purpose.s, large tonnages of sulfuric acid so long considered the most 
economical reagent which could be employed. 

HlSTf)RICAL. 

The practice of using })hosphatic materials as fertilizers goes back 
so far that there is no record of when and where they were first em- 
ployed. The dung of birds was used by the Carthaginians, over 200 
years b.c.,^ and Cato and Columella,^ the earliest of agricultural writers, 
highly recommend the use of pigeon’s dung for meadows, corn lands, 
and gardens. The use of bones, fish, and guano was also a very ancient 
practice.^ Although the last mentioned material was not introduced 
into Europe until 1840,^ it was used by the Incas of JYtu ® long before 
the Spaniards conquered that country and was so highly prized that it 
was a capi^l offense to kill the young birds on the guan^ islands. The 
effectiveness of dung was attributed by Palissy ® in 1^50 to the soluble 
salts contained therein. 

'Wheeler, H. J. Manures and Fertilizers, p. 1. 

* Pliny s Natural History, Book 17, p. 457; Liebig’s Letters on Modern Agri- 
culture, p. 239. 

^Fritsch, J. Manufacture of Chemical Manures, pp. 39 and 173-175 (1911). 

* Encyclopedia of Agriculture, Vol. 2, p. 285 (1908). 

*Jour. Roy. Agric. Soc., Vol. 2, p. 103. 

“Molinari, E. General & Ind. Chem., Vol. 1, p. 643 (1920) 
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While these three fertilizer materials * were for many years the 
world's chief source of phosphoric acid the nature of this compound 
was not discovered until long after the isolation and recognition of' 
elemental phosphorus. This element was first prepared in 1669 by 
Brandt/ an alchemist of Hamburg, Germany, in his search for the 
philosopher’s stone. He evaporated large quantities of urine and ob- 
triined a substance luminous in the dark to which he gave the name of 
I hosphorus. 

According to Fritsch,® phosphoric acid was discovered in 1743 by 
Miirgraff, who ascertained its composition and reconverted it into 
plKKsphorus by calcining it with charcoal. No mention is made, how- 
ever, of the source from which this acid was prepared. 

It is stated by several authorities ® tliat Scheele prepared phosphorus 
by the destructive distillation of bones as early as 1755, but to Gahn/® 
a Swedish chemist, apparently belongs the credit of the discovery that 
phos])horns is an essential constituent of the bones of men ^nd animals 
(17()9). Ten years later (1779) this same investigator^^ found phos- 
phorus in the mineral kingdom as lead phosphate (pyromorphite). 

in 1775 Scheele’^ published a description of a method of producing 
phosphorus, consisting in dissolving bones with nitric acid, precipitating 
out the lime with sulfuric acid, mixing the concentrated solution with 
charcoal and heating the mass out of contact with air. 

GiiJino and bones continued to be the main sources of phosphorus 
and phosphoric acid until after the middle of the nineteenth century, and 
it is stated that the use of bones was so great in England during the 
early eighties that the battle fields on the Continent of Europe were 
turned up to supply Great Britain's demand for phosphates. In 1840 
the Duke of Richmond stated that the fertilizer value of bon^s was 
due not to the gelatin and fat but to the phosphoric acid which they 
contain, and this same year Liebig^* suggested dissolving bones with 
sulfuric acid to render the phosphoric acid contained therein more 
soluble and available to crops. The treatment of bone ash with sulfuric 
acid is the subject of a British patent issued to John B. Lawes in 1842.^® 

’Molinari, E. General and Industrial Chemistry, Vol. 1, p. 404 (1920); 
'rhorpe's Dictionary of Applied Chemistry, Vol. Ill, p. 182. 

•Mfr. of Chem^Manures, p. 1 (1911). ^ ' 

• Molinari, E. General & Ind, Chem. p. 404 ( 1920) ; Martin, G. Indust. Chem- 
istry. Vol. 2. p. 423 (D18). 

“Thorpe’s Diet, of Applied Chem., Vol, 3, p. 182; Watt’s Diet, of Chem., Vol. 
4, p. 500. 

"Fritseh, J. Mfr. of Chemieal Manures, p. 1 (1911). 

“Thorpe’s Diet, of Applied Chem., Vol. 3, p. 183. 

“Molinari, E. General & Indust. Chem., Vol. 1, p. 645 (1920). 

” Des. Engrais Artifieiels, p. 4 (1846); Organie Chem. in it^ Applieatiou to 
Agrieulture & Physiology, p. 184-185 (1840). 

“British Patent 9353 (1842). 
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This discovery marked the beginning of the immense acid phosphate 
industry which is the basis of the fertilizer business in this country. 
In 1845 soon after this epoch making practise was introduced, low grade 
mineral phosphates known as coprolites were discovered in England,^® 
and four to seven years later (1849-1852) medium and low grade 
deposits of this mineral were recognized in several departments in 
France.^^ The direct use on the soil of these mineral phosphates in a 
finely ground condition was advocated by Elie de Beaumont in 1856, 
but l.icbig pointed out in 1857 that such phosphates could be dissolved 
with sulfuric acid just as readily as bone and thus rendered ^ore 
efficient for agricultural purposes. So eagerly was this process tiken 
up that five years later (1862) the annual production of superpnos- 
phates in England had reached 200,000 tons. 

Phospliate baking powders were introduced into the United States 
at an early date, and a jxitcnt issued to E. N. llorsford claims a sub- 
stitute for tartaric acid in such products. The inventor called this 
substitute ‘‘Pulverulent Phosphoric Acid,'' but his description of the 
method by which it was prej)ared shows it was actually a rather jmre 
dry monocalciuin phosphate mixed with either flour or starch. 

Until relatively recent years the phosphoric acid in leaking powders 
was derived almost entirely from bones but with im])rovemenls, in 
methods of purification and the commercial development of the pyrolytic 
process of producing this acid, phosphate rock is being used as a raw 
material in ever increasing quantities. 

Since 1867, when phosphatg rock was first developed in South 
Carolina, the United States has been the foremost phosphate produc- 
ing nation in the world, not only supplying its own agricultural de- 
mands but a large proportion of the requirements of certain European 
countries. 

In 1877 two Englishmen, Thomas and Gilchrist, developed a i)rocess 
in which phosphatic iron ores which were up to that time considered 
of relatively little value, could be used in the production of steel low 
in phosphorus by causing this element to enter a highly basic slag.“^ 
The phosphorus in this slag while not in a water soluble form, was 
found to be readily available to plants and quite effective in increasing 

**Fritsch, J., Mfr. of Clicm. Manures, i), 26 (1911). 

” Idem. p. 14. 

"Molinari, E. General & Indust. Cheiii., Vol. I, p. 645 (1911). 

S. Patent No. 14722 (1856). 

“Bull. 18, U. S. Dept. Agric. (1913) ; Phosphate Rock in 1921 Mineral Indus- 
try 1922. 

Patents Nos. 4422 (1877) ; 289, 908, 2835, 4063 (1878) ; 1079, 1313 
(1879); 388, 4285 (1880); Jour. Iron and Steel Institute, p. 
120 (1879) ; Idem p. 407 (1881). 
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crop yields. This discovery placed another large source of phosphoric 
acid at the disposal of the farmer and several of the more progressive 
nations of Europe have been depending largely on basic slag to supply 
their agricultural demands for this fertilizer ingredient. 

The effectiveness in the field of such slightly soluble materials as 
bones and basic slag led to the search for methods of determining the 
availability of these materials in the laboratory. Certain conventional 
test solutions have therefore been established which are intended to 
ai>proximate the solubility effect of the soil waters, and the commercial 
values of phosphates are to a large extent based upon their complying 
with these tests. These regulations coupled with the fact that a certain 
amount of prejudice exists towards fertilizers of an acid nature have 
encouraged investigators to study other methods of treating phosphate 
rock besides that of rendering it soluble by the aid of sulfuric acid, but 
up to the present few have been commercially successful. A numlier 
of such typical schemes are discussed further on and complete classified 
lists eff these processes are given in the tables of the Appendix to this 
monograph. 

Elemental Phosphorus, Oxides of rnospiioROs and the Acids 

OF PlIUSPlIOKUS. 

While this treatise deals chiefly with orthophosphoric acid and its 
comix)unds, the orthophosphates, certain derivatives of this acid are so 
closely related thereto and j)lay such ijnjMjrtant roles in the laboratory 
as well as in factory practise that to ignore them would sacrifice clarity 
and render the discussion of the main .subject rather incomplete. It 
is necessary, therefore, to devote some space to descriptions of the 
occurrence, properties, and methods of prcixiring elemental phosphorus 
and its various other oxides and acids. 

Phosphorus. 

This element though widely distributed in nature is never found in 
a free or unconibined state because of its great affinity for oxygen. 
With one or two minor exceptions -- it exists in the mineral kingdom 
only in the form of phosphates of which a large number have been 
identified. 

As ordinarily prepared elemental phosphorus is a white or slightly 
yellow waxlike substance which becomes brownish yellow on exposure 
to light due to the formation of some red phosphorus. It has a specific 
gravity of 1.83, a melting point of 44.4® C and a boiling point of 287® C. 

^Phosphorus occurs as iron phosphide in meteorites. 
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It is insoluble in water but dissolves readily in carbon disulfide (J .8 
to 1 ) from which it crystallizes in rhombic dodecahedra ; it is also very 
soluble in the halogen oompounds of phosphorus, and slightly so in 
alcohol, ether, benzene, xylene, methyl-iodide, glycerine, acetic acid and 
fused stearic acid. Phosphorus . is luminous in the dark possibly due 
to the formation of hydrogen phosphide (PH3) which burns in the air. 
Other authorities explain phosphorescence on the ground that a pre- 
liminary oxidation of P to P 2 O 3 takes place and this latter compound 
is oxidized further with simultaneous production of ozone, the sur- 
rounding air becoming ionized. This phenomenon of phosphorescence, 
however, is regarded by others as very complex. Moist phosphorus 
oxidizes rapidly in the air, evolving white fumes of phosphorous anq 
phosphoric acids and phosphorus pentoxide. At slightly elevated temV 
peratures or when finely divided, it takes fire spontaneously in the air\ 
burning to phosphorus pentoxide. Mplinari,-** however, states that it 
(does not oxidize and may be distilled in pure dry oxygen. 

White or yellow phosphorus is very poisonous, 0.1 gram being 
sufficient to cause death. Post mortems have shown that the element 
is absorbed in the liver (which is distended), and in the blood. The 
chronic disease contracted" by those who work in factories where yellow 
phosphorus is extensively used is known as necrosis of the bones, espe-i 
cially of the teeth and jaw. This disease was formerly quite prevalent 
among employees of match factories before the use of yellow phos- 
phorus in matches was prohibited by law. 

Phosphorus was first preparal in commercial quantities from hones 
and bone ash. Briefly the method consisted in treating calcined or 
degelatinized bone with sulfuric add, filtering or decanting oif the solu- 
tion of phosphoric acid or, monocalcium phosphate from the gypsum, 
evaporating the solution to a specific gravity of 1.45, mixing it with 
20 per cent of charcoal or coke and again heating in shallow pans till 
the mass contained not over 6 per cent of moisture. This mixture was 
then placed in terra cotta retorts which in turn were introduced into 
a suitable furnace and heated to redness for 24 hours, and then to a 
white heat for 48 hours. The phosphorus distilling off was collected 
under water and subsequently purified by redistilling. * 

This method of making phosphorus was cumbeiHome and costly 
and gave relatively low yields. It has been largely supplanted by the 
electric furnace process in which an intimate mixture of the raw phos- 
phate rock, silica and carbon (coke) is introduced into an arc furnace 
and smelted directly without access of air. Not only does this method 
render the use of sulfuric acid unnecessary but the process is continu- 
ous and the yields obtained are much higher. A modification of this 
"General and Industrial Chemistry Part 1, p. 403 (1920). 
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general process is now being successfully employed in the manufacture 
of phosphoric acid so is discussed in detail further on in this publication. 

Two allot ropic forms of phosphorus are -known; namely, red and 
black phosphorus, which are denser and have lower specific heats than 
the white variety. Black phosphorus is obtained by crystallization of 
the element from solution in molten metal, or by heating red phosphorus 
for a long period at 360® C. in sealed tubes. It has little or no com- 
mercial significance and some authorities doubt the existence of this 
allotropic form of the clement. 

Red or so-called amorphous phosphorus, discovered by Schrotter 
in 1845 and later found to really crystallize in the hexagonal system is 
fonned by exposing yellow phosphorus to light for a long period, or by 
heating it to 300® C. out of contact with air. This variety is not phos- 
phorescent, does not alter in the air, is nonpoisonous and is not readily 
set on fire by friction, in fact is not combustible until heated to a tern-, 
perature of 200® C. Advantage is taken of its nonpoisonous character 
in the industries and it is now substituted for the yellow variety in a 
number of commercial operations. 

Oxides of Phosphorus. 

There are four oxides of phosphorus, namely phosphorus suboxide 
(P4O), phosphorus oxide (PiOe), phosphorus tetroxide (P2O4) and 
phosphoric pentoxide (r206). Only two of these oxides, however, 
have much stability or importance commercially. 

Phosphorus Suboxide (P4O). 

This compound has only been made as an interesting laboratory 
experiment. The usual method of preparation consists in dissolving 
yellow phosphorus in an alcoholic solution of potassium hydroxide. 
Hydrogen and phosphine are thus evolved and a bright red liquid 
remains which when acidified deposits a gelatinous mass composed 
mainly of P4O, On filtering and repeatedly freezing, this oxide may 
be obtained in a relatively pure state as an orange colored hygroscopic 
substance which readily burns to the higher oxides of phosphorus. 

Phosphorous Oxide or Phosphorous Anhydride (P406). 

This oxide of .phosphorus is obtained when yellow phosphorus is 
gently heated in a limited amount of dry air. 

P 4 + 30, = P 4 O 0 

A certain amount of phosphoric anhydride (P 2 O 6 ) is also formed 
at the same time but the former oxide being more volatile than the 
latter may be readily separated by sublimation. 
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Phosphorous oxide possesses a peculiar phosphorus-like odor. It 
forms white crystals which run together into a waxlike mass melting 
at 22 */^® C. It readily sublimes and boils out of contact with air at 
173 ° C. Its vapor density shows its formula to be P4O6 and not P2O8 
as formerly supposed and even now often expressed in writing chemical 
reactions involving its use. When dissolved in cold water phosphorous 
oxide forms a mixture of meta-phosphorous acid (HPO2) and phos- 
phorous acid (HgPOa). With hot water it produces red phosphorus 
and phosphoric acid (H3PO4). Phosphorous oxide oxidizes very 
readily, catching fire in the air and burning to r205. 

Phosphorus Tetroxide (P2O4). 

By heating phosphorous oxide to 400 ° C. phosphorus tetroxide 
(P2O4) and red phosphorus arc produced thus. 

8P2O3 — 6P2O4 P 4 

The tetroxide of phosphorus forms transparent crystals which react 
with water producing phosphorous and phosphoric acids. This oxide 
may be regarded as a mixture of phosphorous and phosphoric anhy- 
drides just as nitrogen tetroxide (N2O4) is considered a mixture of 
nitrous and nitric oxides. 

Phosphorus Pentoxide or Phosphoric Anhydride (P2O5). 

This compound is the final product obtained by the complete oxida- 
tion of phosphorus. It is by far the most important of the oxides of 
phosphorus and the most readily "produced since all of the lower oxides 
tend to change over into this compound in the i)resence of air or other 
oxidizing medium. 

Phosphorus pentoxide is known in two modifications, the first is a 
crystalline product which sublimes at 250 ° C. and when heated above 
this temperature is transformed into the second type which is a soft 
white amorphous powder volatilizing only at red heat. Phosphoric 
anhydride is extremely hygroscopic so that it deliquesces in the air and 
therefore must be stored and shipped in hermetically sealed containers. 
Advantage is taken of its hygroscopic properties in the chemical labora- 
tpry where it is very useful as a desiccating agent. 

Phos]?horic anhydride dissolves in water with a hissing sound and 
evolution of heat being converted successively and^quickly into nieta-, 
pyro- and finally into orthophosphoric acid, the most important and 
useful of tbc oxyacids of phosphorus. 

In stating the grade of various phosphatic materials used in the 
arts and industries the value is usually expressed in terms of P2O8 and 
hence this product is commonly though erroneously known as phos- 
phoric acid. 
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The Acids of Phosphorus. 

There are eight known acids of phosphorus,^ five of. which are formed 
by the combination of phosphorous and phosphoric anhydrides with 
certain quantities of water, as shown in the following equations : 

( 1 ) P4O6 + 2H2O = 4HPO2 = Metaphosphorous acicj 

( 2 ) P4O0 4 " 6H2O = 4H3PO3 = Phosphorous acid 

( 3 ) P2O5 + H2O = 2HPO3 = Metaphosphoric acid 

( 4 ) P2O5 + 2H2O = H4P2O7 = Pyrophosphoric acid 

( 5 ) P2O6 + 3H2O = 2HaP04 = Orthophosphoric acid 

The other three acids of phosphorus, namely, hypophosphorous, 
pyrophosphurous and hypophosphoric acid, are not ordinarily prepared 
by the interaction of water and the oxides of phosphorus. 

— OH 

Hypophosphorous Acid (H3PO2) or 0 :P — H 

— H 

This acid may be obtained by heating a concentrated solution of 
sodium hydroxide, lime, or barium hydroxide with white phosphorus. 
TMiosphinc and the alkali or alkaline earth hypophosphite being formed 
according to the following equation : 

4P2 + 3 Ra(OII )2 + 6H2O = 

3 Ba(P 02 H 2)2 + 2 PHs 

By treating the purified barium s^t with sulfuric acid and filtering 
free hypophosphorous acid is obtained, which can be concentrated 
under reduced pressure to a syrupy consistency and even to the point 
where it crystallizes in white scales. At elevated temperatures hypo- 
])hosphorous acid decomposes into phosphine and phosphoric acid. 
Hyi)ophosphorous acid and the hypophosphites have a strong affinity 
for oxygen and hence are powerful reducing agents. Hypophosphorous 
acid reduces sulfuric acid to sulfur dioxide and the latter gas to 
elemental sulfur. It also separates such metals as gold, silver and 
mercury from certain of their salts and hence has a distinct commercial 
value. The hygophosphites, even those of the heavy metals, are soluble 
in water but are not very stable, readily changing over to^the more 
highly oxidized phbsphites and phosphates. 

Metaphosphorous Acid (HPO2) or O : P — OH. 

This compound is formed in slender crystals by the partial oxidation 
of phosphine undpr reduced pressure according to the following 
equation. 

PH3 + O2 = Ha + HPOa 
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It 4 s also obtained by the interaction of phosphorous anhydride and 
a limited amount of water as shown in the first equation on page 23. 

Like the other partially oxidized acids of phosphorus it is rather 
unstable, going over to phosphorous and phosphoric acids on exposure 
to air or water. Metaphosphorous acid is of no commercial significance. 

QTJ 'OH 

Pyrophosphorous Acid (H 4 P 2 O 5 ) or qj^ P — O — P qj^ 

. This acid may be obtained by continuously agitating a mixture of 
phosphorus trichloride (PCI 3 ) and phosphorous acid (HsPOa) for 
about 5 hours, keeping the mixture at a temperature of 30° to 40° C. 
This acid forms needle-like crystals which melt at 38° C. and decompose 
at 130° C. The acid also decomposes in water to form phosphorous 
and phosphoric acids. Although pyrophosphorous acid and certain 
pyrophosphites have been made in the laboratory they have no indus- 
trial application. 

— OH 

Phosphorous Acid (HsPOa) or 0:P — OH 

— H 

This dibasic acid is formed along with phosphoric and hypophos- 
phoric acids by the slow oxidation of phosphorus in moist air. In the 
laboratory it can be prepared more conveniently by the adding of phos- 
phorus trichloride to water, taking care to keep the solution cool. 

PCla -f 3H20^= 3HC1 -f H 3 PO 3 

On evaporating this solution in vacuum, the hydrochloric acid is evolved 
and a colorless crystalline hygroscopic mass of phosphorous acid is ob- 
tained which melts at 71° C., but is decomposed at higher tem|^ratures 
into phosphoric acid and phosphine (PH 3 ). 

The tendency of phosphorous acid to oxidize to phosphoric makes 
it a strong reducing agent though not as energetic in this regard as 
hypophosphorous acid. The salts of phosphorous acid (phosphites) 
differ from the hypophosphites in not being oxidized in the air. Phos- 
phorous acid is dibasic, forming two series of salts. 

— OH —OH 

Hypophosphoric Acid (H 4 P 2 O 6 ) or O : P — O — P 

— OH — OH 

This acid may be considered a product formed by the extraction of 
water from one molecule of phosphoric acid and one molecule of phos- 
phorous acid thus : 

H20 = H.P20e 
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It is actually produced, However, along With phosphorous and phos- 
phoric acids by the slow oxidation^ of phospho|:us in moist air. By 
neutralizing the mixture of acids thus obtained with NaOH, sodium 
hypophosphite ,(Na2H2P2066H20) cryst^lizes but of solution and 
may be used as the source of the free acid. With absolution of barium 
chloride, barium hypophosphite is precipitated and on treating this with 
dilute sulfuric acid, and filtering, hypophosphpric acid may be isolated, 
concentrated and finally crystallized at temperatures below 30 ° C. At 
70 ° C. this compound decomposes into phosphorous and phosphoric 
acids. The hypophosphates are used to a considerable extent in medici- 
nal preparations. 


OH — 

Pyrophosphoric Acid (H4P0O7) or P = 

OH — 


do 

O 



This acid is produced by heating orthophosphoric acid above 210 ° 
C., driving off water thus : 

. 2 H 3 PO 4 — H 20 = H4P207 


A certain amount of metaphosphoric acid is also formed at the 
same time, so to j)repare the pyrophosphoric acid in a pure state it is 
customary to heat disodium phosphate until it is changed oyer, into 
pyrophosphate, then to dissolve this salt in water and precipitate with 
a soluble lead compound. The lead in turn is precipitated with H2S 
and the solution filtered off and con-centrated in vacuum until a white 
crystalline mass of pyrophosphoric acid is obtained. On addition of 
water it readily goes back to phosphoric acid. 

Pyrophosphoric acid is tetrabasic but only two series of salts are 
known, namely the di- and tetrabasic. These are quite stable and have 
some industrial significance. , 

OH 

Metaphosphoric Acid (HPO3) or O — P q^j 


If pyrophosphoric acid is heated to redness water is driven off and 
metaphosphoric acid is produced thus : 

H4P2O7 — H20 = 2 HP 03 

This compound may also be obtained by adding the theoretical 
quantity of water to phosphoric anhydride. Thus: 

P0O5 + HoO = 2HPO3 

Metaphosphorifc acid is a transparent glassy mass which melts at 61 ° 
C. and sublimes at white heat without decomposition. It is the most 
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stable of the oxyacids of phosphorus at high temperatures, but goes 
back to orthophosphoric acid when dissolved in water or exposed to the 
atmosphere. The salts of metaphosphoric acid (metaphosphates) are 
formed by driving off water from the primary phosphates. On heating 
these compounds with water, however, the reverse reaction gradually 
takes place and orthophosphates are again produced. 

Metaphosphoric acid and the metaphosphates have as yet but little 
commercial significance. 

— OH 

Orthophosphoric Acid (H3PO4) or O: P — OH 

— OH 

This acid in combination with lime is widely distributed in nature. 
The crystalline mineral apatite of whicli two tyi>es (CafXPO^)^!'") and 
Ca5(P04)3Cl) exist, is found as veins in igneous rocks, and from this 
mineral, no doubt, are derived the amorphous phosphates which are 
concentrated in immense deposits in various parts of the world. 

Phosphoric acid is by far the most im])ortant of the oxyacids of 
phosphorus and the orthophosphates are used as a basis in the prei)ara- 
tion of elemental phosphorus as well as all other phosphorus compounds. 

When free from water phosphoric acid forms colorless prismatic 
crystals which melt at 386 ° C. and readily delictuescc in the air. As 
ordinarily prepared, however, the acid is a colorless thick syrupy liquid 
with strongly acid properties, up to the point where one atom of hydro- 
gen is replaced), readily attackii'jg most metals with the evolutiem of 
hydrogen and the formation of the corresponding i)hosphatc. 

Orthophosphoric acid being tribasic gives rise to three series of 
salts as illustrated in the following reactions : 

Primary salt H3PO4 -f NaOH NaH^I-T)^ + 11.0 
Secondary salt H3PO4 + 2 NaOII = NaJiPO* + 2H.O 
Tertiary salt H3PO4 + SNaOII = NayPO* + 3H.O 

The normal sodium salt gives an alkaline solution, the secondary salt 
a solution which is practically neutral or slightly alkaline, while the 
primary salt is quite acid to litmus and phenolphthalein. 

This bghavior is due to the hydrolysis of these saltif in accordance 
with the following equations : 

(1) NaHoP04+ H,0?± Na0H + Il 3 P 04 

(2) NaJiP 04 + 2H,0 ^ 2NaOH + H 3 PO 4 

(3) Na 3 P 04 + 3H,0 ^ 3NaOII + H 3 PO 4 

Since sodium hydroxide is a more powerful base than phosphoric 
acid is an acid, solutions of the normal salt act as if an excess of alkali 



INTRODUCTION 


27 


were present, while in the case of the secondary salt the greater strength 
of the base is offset by the fact that the proportion of acid hydrogen 
to base in the hydrolized solution is in the ratio of 3 to 2. Finally in 
the primary salts the relation of acid hydrogen to base is 3 to 1, which 
results in solutions distinctly acid in nature. 

When heated to 300° to 400° C. water is evolved and phosphoric 
acid is converted into pyrophosphoric acid (n 4 P 207 ) and if the tem- 
perature is carried to 400° C. a further quantity of water is driven off 
and the whole is converted into a vitreous mass of metaphosphoric 
acid (HPO 3 ). 

Phosphoric acid may be prepared in the laboratory by dissolving 
phosphoric anhydride in hot water, thus 

P 2 O 0 + 3II.X) = 2 H 3 PO 4 

or by decomposing phosphorus penta-chloride in water. 

PCI 5 + 4HoO = H 3 PO 4 + SiJCl 

Industrially it is prepared either 1)y the action of sulfuric acid on 
bones or phosphate rock, or by heating mixtures of natural phosphates 
and silica under reducing conditions. The commercial methods of 
preparation are discussed in detail further on in this publication. 

Phosph(jric acid and its compounds have a wide application in the 
arts and industries, Imt by far the greatest use is in the production of 
phosjdiatic fertilizers. 

Phosphoric Acid in Animal Metabolism. 

While this book is chiefly taken up with the sources of phosphoric 
acid and methods of j)rcparing this acid and its various compounds of 
more or less commercial importance, the function of phosphoric acid, 
which is of the most vital concern to man is the part it plays in animal 
metabolism. 

The term metaliolism in the broader sense of the word may be 
used to designate the chemical changes taking place in the utilization 
of food by man and animals in the life process. The products of metab- 
olism, therefoi'’e, include not only those absorbed in building up the 
animal body but those contained in the solid, liquid and gaseous excreta. 

Metabolism includes two distinct processes, namely, anabolism by 
which simple molecules are built up into more complex organic com- 
pounds, and katabolisni whereby the more complex compounds are 
broken down into simpler molecules. Since the life process is one of 
continual oxidation the greater tendency is towards the formation of the 
less complex products. 
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Metabolism, however, is not a simple oxidation or burnuig process 
but takes place in gradual steps in the nature of cleavages and hydra- 
tions and it is the products of these changes which unite directly with 
oxygen. 

The role of phosphorus in animal metabolism has been so ably 
handled by Forbes and Keith (who include in their book a very com- 
plete list of refei cnees on various phases of the subject) that only a 
brief summary of some of the more important points is included here. 
For details, therefore, the reader is referred to the carefully prepared 
and excellent monograph by the authors mentioned above. 

Since phosphorus in both organic and inorganic combination is an 
essential constituent of the bones, brain, blood, and tissue of met! and 
animals, our daily diet must consist of food containing sufficient quan- 
tities of this element to permit of normal growth in the young and 
maintain the health and strength of the adult. 

According to Forbes and Keith the phosphorus in bf*th animal 
and vegetable matter is in a highly oxidized condition and probably 
exists in the form of organic and inorganic compounds of orthophos- 
phoric acid. They conclude, therefore, that there is probably no sig- 
nificant change in the state of oxidation of the phosphorus during 
metabolism although Hefftcr observed some capacity of animals to 
oxidize the less completely oxidized phosphorus compounds. 

Gilbert and Posternak sum up the total content of the human 
body as being 30 to 40 grams at birth and about 1600 grams at middle 
age. Of this amount 1400 grams^re contained in the hones, 130 grams 
in the muscles, 12 grams in the brain, 10 grams in the liver, 6 grains 
in the lungs and about 4 in the blood. 

In the following table (Table I), compiled by Pcaimis and quoted 
by Forbes and Keith,-® the ash analyses of various animal tissues and 
products are given. The prominence of phosphoric acid in bone, muscle, 
brain and liver is very marked, being approximately 50 per cent of the 
ash of these parts. 

While phosphoric acid in both organic and inorganic combination 
is a con.stituent part of the animal body, this compound ajiparently {xr- 
forms certain other neces.sary functions in the life process independent 
of its absorption and retention by the bones, organs and*tissues. 

** Phosphorus Compounds in Animal Mi-tabolism. Technical Hull No 5 Ohio 
Exper. Station (1914). 

*Loc. cit., pp 32, 45, 182. 

,r Ausscheidungskurper fremdei Suhsian/cn im Harn, I Tcil Anorcanische 
Verbindungen, Ergebnisse d. Physiol 2 I Abt. 95-129 (1903). 

"Weber, Die Phosphortherapic vom StandpunkU des Stoffwcchsels aus be- 
trachtet, Acrtzliche Rundschau (Munchen) 15, 398-402 ; 411-415 (1905) 

“Loc. cit., p. 105 (1914). 
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Locb=® conducted certain experiments on dogs which indicated 
that phosphorus is utilized in the preparation of the digestive juices. 
Such phosphorus may siihscquently be almost entirely excreted and 
thus be utilized only indirectly in the building up or maintenance of the 
aniniars health and strength. 

Lob demonstrated that phosphates play an important part in the 
digestion or utili/ation of sugar, and that glycolysis was favored by 
the j>rescncc of phosphate ions. 

Forbes and Keith conclude that the available data show that 
phos])hates stand in significant relation to the digestion of food and 
that their excretion into the alimentary tract is of necessary conse- 
quence. Moreover, the fact that both phosphoric and sulfuric acids 
are prominent among the normal products of jirotein katabolism makes 
it inevitable that the excreta of m;in and animals contain apprecialile 
quantities of phosphates. 

Another function which phosphates i>lay in the life process is that 
of helping to maintain the body fluids in a neutral or slightly alkaline 
state. According to Henderson the phosphoric acid in such fluids 
is in the form of mono- and disodium phosphates and that mixtures 
of these salts in solution have greater {lower than any known salts for 
balancing either one another or any acid or base added thereto. He 
maintains that solutions containing these two salts will not exhibit an 
acid reaction until all of the diso<lium jihosphate has been changed to 
the mono salt and that an alkaline reaction can only be obtained by 
completely converting the mono s^t into disodium phosphate. 

It has been established beyond questi(.)n that a diet low in jdios- 
phorus comiHjunds or that phosphates fed under conditions wliich 
hinder their efficient utilization bring about harmful results. 

White rice for instance does not contain as much phosphorus as 
the adult human being requires, whereas red or unpolished rice contains 
more than sufficient. We store more idiosphorus from wdiole wheat 
bread than from white bread. 

Young flesh eating animals suffer malnutrition of the bones if they 
arc fed on meat alone. 

The dejHDsit of calcium pho.sj)hate in the bones is hindered by in- 
organic acjds and acid salts as well as by calcium i>r»cipitating ions 
other than phosphorus. Lime in some form alon^ with phosphoric 
acid is essential for the eflicient utilization of phosphorus by men and 
animals. 

"Zoit. fliol., 55 (N.F. 37), 167-235 (P)10). 

“Biochein. Zeit, 32, pp. 43-.S8 (1911). 

"Loc. cit., p. 186 (1914). 

257-271 (1906); Ibid., Vol. 21. pp. 173-179 
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Forbes and Keith,®® in summing up the relation of common foods 
to animal metabolism, slate that protracted feeding of rations iX)or in 
both phosphorus and lime may seriously weaken the bones, whereas 
food high ill these ingredients will greatly strengthen them. These 
authorities further state that while calcium phosphate in the diet does 
not greatly influence gain in body weight it is readily deposited in the 
bones especially within the narrow spaces, increasing the density and 
strength of these supporting structures. 

Much time has been devoted to cxi^riments conducted with a view 
to determining the relative effectiveness of (organic and inorganic phos- 
phorus in the diet of men and animals. 

The fact that j^ractically all food products (with the exception of 
eggs) contain both organic and inorganic phosphorus and that bones 
are largely made up of phosphate of lime led to investigations on the 
practicability of substituting a larger proiKirtion of inorganic, and 
cheaper salts of phos])horic acid for the complex and more expensive 
organic forms contained in certain food products. 

While this problem might ap|X‘ar at first sight to he relatively simple, 
direct ex]K?rinientation has shown that there are so many factors in- 
volved that it is difficult to draw very definite conclusions and there 
never has been a unanimous opinion as to the facts. 

It has never been definitely established that organic phosphorus is 
absolutely essential to animal life, nor is there complete proof that 
inorganic phosphorus can serve all the purposes for which the animal 
needs this element. 

There is much evidence that with some species, organic ]>hosphorus 
comi>ounds are more readily utilized tl>an inorganic forms, but on the 
other hand it seems likely that the many demonstrations of superior 
nutritive value of organic over inorganic phosphorus compounds have 
been influenced by other beneficial substances (such as vitamines, etc.) 
aSvSociated with them in natural foods or contained as impurities in the 
organic phosphorus compounds isolated for exix^rimental purposes. 

b'orbes and Keith conclude, however, that one point at least has 
been definitely established, namely, that an amount of organic phos- 
phorus in food products equal to a very small part of the total is 
sufficient for growth and reproduction provided that inorganic phos- 
I)horus is present in sufficient quantities to supjily the balance. 

In the tables la and lb given on page 33, compiled by Forbes. 
Beegle and Mensching,®® arc given the mineral constituents of certain 

“T^c. cit, 1 ). 395 (1914). 

*M-oc. cit. 

* Mineral and Organic Analy.ses of Foods. Ohio Agr. Exper. Sta. Bull. 255, 
pp. 211-231 (1913). 
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will known feeds and the percentage of orpnic and inorganic pho*$- 
phorus which such products contain. It will be noted that with the 
exception of milk products (skimmed milk and whey) malt sprouts, 
peanuts and bone and tankage, organic phosphorus compounds pre- 
dominate over the inorganic forms. 

Unquestionably phosphate of lime is utilized by the young as well 
as the adult animal and certain organic wastes or by-products such as 
tankage, blood, bone, fish and cottonseed meal, all of which contain 
nitrogen and phosphoric acid, are now being extensively employed as 
stock and poultry feed. At one time such materials were used largely 
in the ])reparation of mixed fertilizers, but it is now realized that the 
protein content of the.se products can be utilized immediately and far 
more economically by feeding them directly to the animal than by 
breaking down this protein in the soil only to build it up again through 
the medium of plant life. 

Because of their high protein content, most of these materials are 
classed as concentrated stock feeds, but from a fertilizer standixiint 
such products are low grade because protein is only valued for its 
content of available phosphoric acid and nitrogen both of which can 
be furnished more cheaply by the application of inorganic salts carry- 
ing high percentages of these ingredients. 

Within the past few years there has been an aj^preciablc tonnage 
of phosphatic limestone used as chicken grit. This is employed as a 
substitute for oyster shell and ground bone since it contains the essen- 
tial constituents of both products (lime and carbonic and phosi)horic 
acids) and answers admirably the requirements of the gizzard for a 
mineral to grind or prepare the ix)ultry feed. There ajqx^ars to be 
considerable evidence that such a mineral is cflFective in furnishing lime 
and phosphoric acid for building up the bones of the birds and increas- 

egg production. 

The Role of IhiospiioRic Acid in Agriculture 

Because phosphoric acid is the main fertilizer element used in 
American agriculture and the predominating ingredient of nearly all 
mixed fertilizers, it is rather popularly supposed that plants require 
larger quantities of phosphoric acid than of either potash or nitrogen. 
Analyses of the more common and extensively grovm crops, however, 
as reported by a number of investigators, show conclusively that such 
is not the case. 

“Hopkins, C. G., Soil Fertility and Permanent Agriculture, pp. 154-155 
(1910); Hall, A. D., Fertilizers and Manures, p. 22 (1908); Thorne, C. E., 
Farm Manures, pp. 39-42 (1913) ; Van Slyke, L. L., Fertilizers and Crops, p. 
597 (1917); Burkett, C. W., Soils, p. 83 (1907); Patterson, II. J., Bull. 94, 
Pennsylvania Dept, of Agriculture, pp. 10-14 (1902). 
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TABLE la 


Mineral Elements qf Leguminous Seeds, Nitrogenous Concentrates and 
Animal Products Used as Feed (Parts per 100 of Dried Substance) 


Class of Feed 

Potas- 

sium 

Sodium 

Calcium 

Magne- 

sium 

Sulfur 

.S 

'C 

o 

3 

U 

Phosphorus 

(Total) 

Phosphorus 

(Inorganic) 

Phosphorus 

(Organic) 

Soy beans 

2.095 

.380 

.230 

,244 

.444 

.025 

.649 

.017 

.632 

Navy beans 

1.390 

.086 


.206 

.224 

.047 

.429 

.088 

.341 

Cowpeas 

1.636 

.189 

mtm 

.243 

.280 

.047 

.532 

.023 

.509 

Peanuts 

.061 

.563 

.068 

.180 

.254 

.024 

.399 

.049 

.350 

Linseed oil meal... 

1.224 

.282 

.403 

.544 

.455 

.095 

.786 


.... 

Cottonseed meal . . . 

1.811 

.283 

BSg 1 

.599 

.536 

.042 

1.479 

.078 

1.401 

Milk (skim) 

1.272 

.488 


.146 

.357 

.953 

.979 

.551 

.428 

Whey 

2762 

.459 

Hvtl 

.138 

.139 

1.948 

.640 

.402 

.238 

Mutton 

.624 

.214 

.006 

.062 

1^07 

.235 

.474 

.230 

.244 

Errs 

.206 

.389 

.250 

.059 

.762 

.621 

.856 

trace 

.856 

TankaRC 

.601 

1830 


.159 

.669 

2.687 

1.789 


p • p • 

Bone flour 

.065 

.091 

Rfcjlii 

1.160 

• • • p 

p p p • 

14.940 

14.940 

p • • p 

Blood (swine) 

1.040 

1.370 

.031 

.028 

.647 

1.200 

.280 


.204 

Black albumen 

.027 

1.247 

.039 

.011 

.820 

1.550 

.122 

.037 

.085 


TABLE Ib 


Mineral Fj^kmenis of Cereal Products (Parts per 100 of Dry Substance) 


Grain or Its 
Product 

Potas- 

sium 

Sodium 

Calcium 

1 

0^ 

23 <■ 

r^\ 35 

Sulfur 

Chlorine 

Phosphorus 

(Total) 

tn --v 

3. a 

bo 

II 

CL( w 

Phosphorus 

(Organic) 

Wheat 

0,590 

.035 


.142 

.224 

.095 

.425 

.038 

.387 

Wheat flour 

.058 

.127 

.022 

.019 

.168 

.081 

.102 

.017 

.085 

Wheat bread 

.156 

.583 

.038 

.004 

.198 

.958 

.135 

.043 

.092 

Wheal bran 

1.464 

.223 

.139 

.590 

.297 

1.000 

1.233 

.034 

1.199 

Wheat middlings . . 

1.147 

.186 

.108 

.430 

.263 

.029 

.984 

.069 

.915 

Wheat germ 

.323 

.788 

.078 

.372 

.355 

.077 

1.147 

.... 

.... 

Wheat gluten 

.007 

.031 

.085 

.049 

1.000 

.055 

.220 

.037 

.183 

Red dog flour 

.425 

.733 

.134 

.324 

.285 

.156 

.928 

.098 

.830 

Corn 

.396 

,030 

.014 

.126 

.171 

.073 

.303 

.028 

.275 

Corn meal (boiled) 

.192 

.113 

.015 

.122 

.122 

.070 

.264 

.019 

.245 

Com bran 

.410 

.000 

.030 

.088 

.124 

.052 

.156 

.031 

.125 

Pearl hominy 

.1.S3 

.000 

.005 

.036 

.182 

.052 

.111 

.019 

.092 

Gluten feed , 

.272 

,461 

.268 

.239 

.636 

.098 

.589 

.106 

.483 

Distillers' grains 

(corn) 

Distillers* grains 

„ (rye) 

Brewers’ grains . , . 

.pl4 

.154 


.054 

.509 

.065 

.314 

.056 

.258 

.045 

.077 

.142 

.195 

.408 

.028 

.458 

.018 

.440 

.185 

.278 

.169 

.172 

.419 ' 

.062 

.503 

.162 

.341 

Malt sprouts 

.219 

1.458 

.159 

.194 

.864 

.389 

.746 

.471 

.275 

Oats 

.460 

.184 

.112 

.130 

.214 

.077 

.434 

.059 j 

.375 

Kafir corn 

.288 1 

.0()6 

.013 

.142 

.186 

.117 

.271 

.012 

.259 

Rice 

.040 

.032 

.009 

.028 

.114 

.040 

.104 

.003 

.101 

Rice polish 

1.279 

.124 


.741 

.189 

.151 

1.684 

.028 

1.656 
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TABLE Ic 


Approxima'ie Amounts of Nitwk.kn, Phosphoric Acid and Potash in Average 
Yields oi* Ckr'imn Common Crops (Van Slykk)” 


Crop 

Portion of 
C'rop 

Yields jier 
Acre 

Quantities of Fertilizer 
Elements Kemoved 

Nitrogen 

(N1 

Phosphuric 

Acid 

(IV).) 

Potash 

(K.(l) 




Lbs. 

Lbs. 

Lbs. 

( *nrn 

drain 

25 bus. 

2.1.2 

9.1 

5.5 , 


Stalks 

1,500 lbs. 

15.0 

4.5 

21.0 1 


Cobs 

250 lbs. 

1.0 

0.2 

1.1 i 


Total 


39.2 

1.1.8 

27.6 ' 


dreeii foiage . . 

20,000 lbs. 

60.0 

26.0 

66.0 ' 


(irain 

25 bus. 

30.0 

12.8 

6.0 

, 

Straw 

2,500 lbs. 

12.5 

3.8 

15.0 


Total 


42.5 

16 6 

21.0 

BVO r 

drain 

20 bus. 

19 1 

9.8 

6.7 

' 

Straw 

2,000 lbs 

10.0 

6.0 

17.0 


Total 


29.1 

15.8 

23.7 


dreen forage .. 

15,000 lbs. 

67.5 

30.0 

97.5 


drain 

25 bus. 

16 0 

6.5 

4.8 


Straw 

1,250 lbs. 

8 0 

2.5 

15.6 


Total 


24 0 

9.0 

20.4 


(ireen foiage . . 

f2,000 lbs 

72 0 

18.0 

54.0 

Bariev 

( Irain 

25 bus. 

21.0 

9.0 

6 0 


Straw 

1,000 lbs. 

9.6 

3 2 

17.6 


Total 


.10.6 

12.2” 

23 6 


dreen forage .. 

10,000 lbs. 

40.0 

15.0 

50.0 

Buckwheat ... 

drain 

20 bus. 

15.0 

6.0 

3.0 


Straw 

5,000 lbs. 

62.5 

7.5 

57.5 


Total 


77. i " 

1.1.5 

60.5 


dreen forage . . 

10,000 lbs. 

40.0 

8.0 

35.0 

Cotton 

Lint 

1,000 lbs. 

3.0 

09 

4.8 


Seed 

2,000 lbs. 

63.0 

• 25.2 

24.7 


.Stalks 

4,000 lbs. 

102.2 

41.2 

76.7 


Total 


168.0 * 

67.3 

106.2 

Millet 

dreen forage . . 

20,000 lbs 

60.0 

20.0 

100.0 

Sorghum 

dreen forage .. 

20,000 lbs 

60,0 

24.0 

60.0 


FcTtilizers and ( rops, p. 597. 

Ma.ximiim anionnts ()f \\ P^()% and K/) removable by a single cotton crop. 
Hopkins, C. Cl., Soil Fertility and Permanent Agriculttire, p. 154 (1910). 
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In Table Jc arc f?iven the quantities of nitrogen, phosphoric acid and 
potash which are removed by an average crop of forage, cereals, and 
cotton. 

An inspection of Table Jc will show that in every instance without 
exception greater quantities of nitrogen and potash than of phosphoric 
acid are removed by the crops listed. 

If we regard the function of phosphates as merely that of supply- 
ing ])hosphoric acid directly to the plant it would seem that fertilizers 
in which available potash and nitrogen predominate should prove much 
more effective in increasing crop yields than those carrying larger pro- 
l>ortions of phosi>horic acid. l>ut when we consider on the other hand 
the comi)osition of ty]>ical agricultural soils from many parts of the 
world in respect to these three fertilizer ingredients we find that in the 
majority of cases their content of phosphoric acid is far less than that 
of ]>otash and frequently is considerably below their nitrogen content."® 
Probably the following table as given by \'an Slyke is as typical as 
any of the average composition of good productive soils. 


TABLE H 

PkOI'OKTIONS 01 ToIAL XlJKO(n*N, PilOsPHORK Acil), l^n'ASlT AND LiMh IN FlKST 
NinK 1n( HhS or (kK)D PrODC( TIVE SoiLS 


Constituent 

Per Cent 

Pounds in One Acre 
to a Depth of 

9 Inches 

N iti ogeti ( N ) 

0. 10 to 0.30 

4.07 to 0.25 

1. (H) to 2.00 

0.28 to 2.10 

2,500 to 7,500 
1,750 to 6,250 
25,000 to 50,000 
7,000 to 52,500 

Phosphoric acid (P^On) 

Potash (K.) 

Lime (C'aO) 



Not only is ]>hosphoric acid more likely to be deficient in agricultural 
soils than either pxitash or nitrogen, but in the use of commercial fer- 
tilizers containing readily soluble phosphates it is a well known fact 
that such phosi)hates soon revert in the soil to less soluble compoimcls of 
phosphoric acid.“ While it is generally conceded that reverted pMios- 

Burkett, C‘. W., .Soils, pp. 83-84 (IW); Hopkins, C. G., Soil Fertility and 
Permanent Agriculture, pp. 58-100 (1910); llilj^ard, E. W., Soils, pp. 311-412 
(1910); Schutt, F. T., Dominion Exp. Farms Report, p. 169 (1897); Whitney, 
Alillon, Bull. N(l 57, Bureau of Soils, pp. 65-127 (1909); Lyon, Pippin and 
Buckman, S.nls, pp. 33, 37-38, 59-60, 66-72 (1915) ; Clark, F. W., of Geo- 
chemistry Bull. 491, U. S. (leol. Survey, p. 486 (1911) ; Kedsie, R. C., Mich. 
K.\p. Sta. Bull. 99, pix 6-15 (1893) ; Fraps, G. S., Texas Exp. Sta. Bull. 99, pp. 
14-41 (1907); Selby and Amos, (')hio Fxp. Sta. Bull. 150, pp. 94-141 (1904); 
Roberts, I. P., Fertilit> of the Land, p. 13 (1897) ; (joesman and Haskins, Mass. 
Exp. Sta. Bull. 117, p. 19 (1907). 

"Van Slyke, Fertilizers and (Tops, p. 115 p917). 

Liebig, J., Orjjanic Chemistry in its application to Agriculture and Physi- 
ology, p. 184 (1840) ; Schreiner and Failver, Bull. 32, Bureau of Soils, U. S. 
Department of Agri. (1906) ; Hall, A. D . The Soil. pp. 219-222 (1908) ; Cameron 
and Bell, Bull. 41, Bureau of Stdls, pp. 12-26 (1907) ; Sutherst, \V. F., Reversion 
of superphosphate of Lime in the Soil, Chem. News, 86, p. 170 (1902). 
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phates are still available to plants it is hardly to be exi^cted that they 
would yield soil solutions as concentrated with respect to phosphoric 
acid as the original water-soluble salt.^- 

While it must be admitted that the favorable results <)btained after 
years of experience with materials in which phosphoric acid has pre- 
dominated over both potash and nitrogen jxjint strongly to the ad- 
visability of using fertilizers having high proportions of this fertilizer 
ingredient, nevertheless, the extensive use of phosj^hates in this country 
is also due in a large measure to the fact that we have such immense 
resources of phosphoric acid and therefore under normal conditions this 
fertilizer ingredient is cheai^er than any other. 

Laboratory, greenhouse, and field studies have shown that while 
phosphatic fertilizers undoubtedly furnish a certain amount of more 
quickly available phosphoric acid than that already in the soil they also 
perform a number of other imi>ortant functions which have both direct 
and indirect eiTects upon the soil and the crop. Soluble jdiosphates 
favor the rapid development of the young seedling by stimulating the 
growth of their roots, and therefore their early api>lication often enables 
a plant to withstand adverse climatic conditions encountered later in the 
season. It is also generally believed that the liberal use of phosphates 
tends to hasten the early maturity and ripening of crops : an effect due 
to the close relationship which phosphoric acid bears to seed i)roduc- 
tion/*^ In climates where the croj) season is of relatively short durati(»n 
and in sections where truck is produced for the early market, the quick 
maturity of crops is often the mafn factor to be considered and therefore 
success may largely depend (m the liberal use of readily available j>hos- 
phatic fertilizers. The tendency of phosphoric acid to increase the pro- 
portion of grain to stalk is one of its most imix>rtant functions in the 
growing of cereal croi)s. This action of ])hosphoric acid is directly 
oj>posite to that of nitrogenous fertilizers, which tend to delay maturity 
and promote the growth of stalk and forage at the ex|)ense of the fruit. 
The presence of jdiosphoric acid is also essential for the formation of 
chlorophyl.*^ father effects which soluble phosphates have upon the 
soil and indirectly upon the croi> are the altering of the solubility of 
other soil constituents,^" influencing the growth of soil bacteria and 
nullifyinjf the injurious effect of certain toxic organic bodies formed in 


"Gile and Carrero, Bull. #25, Porto Rico Exp. Sla. (1918). 

"Hall, A. D., Fertilizers and Manures, p. 136 (1911); Van Slyke, L. L., 
Fertilizers and Crops, pp. 70-71 (1917); Patterson, H. J., Bull. 94, IVnnsylvania 
Dept, of Agri., p. 9 (1902); Loew, O.scar, Bull. 18, Division of Vegetable 
Physiology and Pathology, 11^. S. Dept. Agri., p. 14 (1899). 

14 *(18^9^’ ^‘**^^*^* Pull. 18, Division of Vegetable Physiology and Pathology, p. 

"Cameron, F. K., The Soil Solutum, p. 52 (1911) ; Cameron and Bell, Bull. 
41, Bureau of Soils (1907). 
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the soil.^® Also protoplasm, that essential part of both aninml and 
vegetable life, can exist only if the plant is supplied with sufficient 
phosphoric acid lb enable it to function proj^rly. 

Sources of riiospiiORic Acid and Tjieir Classification. 

While no very strict line can be drawn between soluble and insoluble 
phosphates or between available and unavailable forms of phosphoric 
acid or even between natural and manufactured phosphatic fertilizers, 
nevertheless for convenience the following three broad classifications 
are made, based imrtly on the relative solubility of such phosphates and 
l>artly upon their mode of occurrence and their chemical and physical 
properties. 

(1) 'Phe natural phosphates including raw bone, guano, apatite and 
phosj)horite or phosphate rock, all of which with the exception of cer- 
tain tyix.‘s of guano arc nearly insoluble in water and are but slowly 
available under soil conditions. 

(2) The so-called available phosphates which are the products or 
by-products of various industrial processes and while very sparingly 
soluble in water, dissolve readily in certain conventional laboratory 
solutions. These phos])hates include steamed or degreased bone, basic 
slag, di-calcium ])hosphate and a number of manufactured materials 
which yield their phosphoric acid U])on treatment with neutral ammo- 
nium citrate solution or 2 ])er cent citric acid. 

(3) Water soluble phosphates or those which dissolve most readily 
and have as a rule the quickest clTtitt upon crop yields. The chief 
products under this classification are ordinary acid phosphate, double 
superphosphate and ammonium phosphate all of which are main prod- 
ucts of industrial processes. 

The ])ho.sphoric acid content of typical phos])hate materials both 
natural and manufactured arc given below in Table 111. 

The Natural Phosphates. 

The natural or relatively insoluble phosphates represent the raw 
materials from which the plant must draw its phosphoric acid, whether 
they are applied in their natural state directly to the soil with»very little 
preliminary preparation, or so manipulated in the factory as to yield 
phosphatic compounds of entirely different composition. From the 
natural phosphates are also produced elemental phosphorus, the acids of 

•"Schreiner, O., and Skinner, J. J., Bull. No. 77, Bureau of Soils (1911); 
Skinner, J. J., and Noll, C. F., Field Tests of Fertilizer Action on Soil Aldehydes, 
Jour. Amcr. Soc. of Agron., Vol. 8, p. 273 (1916) ; Skinner, J. J.. Soil Aldehydes, 
Jour, of Franklin Institute, Aug. to Dec. (1918). 
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TABLE III 

Composition of Natural and Manufactured Phosphates Used Directly or Indirectly in Agriculture 
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phosiihorus and the various salts of phosphoric acid which are annually 
coniini^ to have a jjreatcr coniincrcial significance and a wider industrial 
a])plication. 

While finely ground (hut otherwise untreated) natural phosphates 
undoubtedly have an agricultural value and are still used for fertilizer 
purix)ses to a limited extent, most of them are generally regarded as 
inferior to the factory manipulated phosjJiates the nature of which 
has been altered by the application of high temi^erature or treatment 
with various chemical reagents. 

Raw or Green Bone, — The first use of raw or green bone for ferti-j 
lizer purj)oses is so ancient as to lie lost in antiquity. Long before their 
comi)osition was sus])ected they were employed in their natural state\ 
(frequently not even crushed) to increase cro]) yields, and later when\ 
the fertilizer value of jihosjihoric acid was established and the nature ; 
of bones determined by chemical analy.sis the demand for bones became 
so great that old battle fields were plowed up and ancient cattle ranges 
sought for what was then considered one of the most valuable of phos- 
phate fertilizers. 

While raw bones differ considerably in c()m])osition depending on 
their source, age and the natural agencies which have been at work, uix^n 
them, as ordinarily collected they contain from 20 to 22 per cent of 
phosj)horic acid and from 5 to 7 j)er cent of nitrogen. 

The term raw bone, however, is rather an indefinite one since it 
includes not only bones from recently slaughtered animals but also 
those which have been weatherjd or buried for long periods of time. 
I’uth the nature and agricultural efficiency of these two extremes differ 
greatly and large (luantities of bones are now seldom purchased without 
knowing their source and chemical comjK^sition. 

In addition to large amounts of water, fresh or green bones con- 
tain over 40 per cent of organic matter, ])art of which is of such a 
character as to delay considerably the decom])ositi()n of the bone under 
soil conditions. The approximate composition of such bones is as 
follows : 

Moisture 34.00 per cent 

Mineral matter (ash) 23.(X) “ “ 

Fats 20.00 I' ‘‘ 

Albuminoids 21. (XT “ “ 

Undetermined organic mailer 2.06 “ “ 

The mineral matter or ash of average bone has the following 
composition : 

Calcium phosphate (Caj(P()i) 2 ) . . . 87.(X) per cent 

Calcium carbonate (CaC'Oa) 12.00 “ “ 

Silica (Sie^), Fluorine (F), etc. ... 1.00 “ “ 
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The albuminoids in bone consist chiefly of ossein a gelatinous mate- 
mi containing nearly 18 ]>er cent of nitrogen and valuable for the 
manufacture of glue. While the albuminoids when moistened decom- 
pose or putrefy very readily, their presence in fresh bone renders the 
latter very difficult to grind. The fat or gi’ease in fresh bones, on the 
other hand, retards their decompositi(»n in the soil and hence lessens 
their value for agricultural purposes. Raw bones which have been 
weathered contain far less moisture and organic matter than fresh hone 
and can as a rule be much more readily ground. The availability of the 
phosphoric acid contained therein, however, is not as high as that in 
processed or degreased bone which is discussed further along under 
the heading of '‘Available Phosphates.*’ 

In the light of our present knowledge raw bone is not an efficient 
]>hosjjhate fertilizer and it has been found to be far more economical 
to extract from such material the by-products of gelatine and fat and 
use as a fertilizer the degreased residue which is easily ground and 
readily available to crops. 

Pionc charcoal and bone ash hardly belong under the classification 
of natural iihosphates because they have been processed to a certain 
extent by artificial means. As far as their agricultural availability is 
concerned, however, they should be included among the relatively insolu- 
ble phosphates since they show a solubility in conventional media but 
little greater than that of finely ground phosphate rock. 

The former material (bone charcoal) is the residue remaining after 
bones have been subinitted to destructive distillation in air tight retorts 
and the volatile constituents driven off or decomposed. The organic 
matter which remains is largely carbon. Rone black is produced i>ri- 
marily for the purification and clarification of oils and sugar juices 
and only after its activity for these purposes is largely spent does it 
enter into the fertilizer industry. Its .solubility in water and citrate 
solutions is very slight and while the nitrogen which it takes up in 
the purification of sugar adds somewhat to its value as a fertilizer, the 
general practice is to treat s^xint bone black with sulfuric acid and con- 
vert its PyOr. into a water soluble form. Rone black varies greatly in 
composition depending on how often it has been used and* revivified. 
Fritsch gives the following analyses of several samples of bone black 
before and after being used in the refining of sugar. 

The manufacture, use and revivification of bone black is treated 
more fully in a subsequent chapter under the heading of “Phosphoric 
Acid and Phosphates in Sugar Refining.” 

"Mfr. of Chem. Manures, p. 192 (1911). 
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TA15LE IV 

Anaia'sks of Fresh, Used ani> Si'ENt Bone Blac'K 


Description of Material 

Nitrogen 




Other Con- 
stituents 


J *er ( 'em 

I’er ( 'em 

IVr Cent 

Per Cent 

Per Cent 

Charcoal, fine, new 

1.12 

11.6 

73.1 

8.0 

7.3 

“ once used . . . 

IMS 

21.1 

64.6 

6.4 

7.9 

“ fine, new .... 

1.22 

11.3 

72.2 

5.3 

10.5 

“ once used . . . 

2.8.1 

32.0 

53.7 

4.9 

9.4 

“ twice used . . . 

3.5‘1 

42.2 

46 0 

3.3 

8.5 

“ fine, new .... 

1.61 

11.0 

75.6 

7.0 

13.4 

“ once used . . . 

2.54 

36.2 

52.6 

10.0 

10.1 

“ twice used . . . 

3.18 

42.5 

47.5 

4.5 

5.2 


I>()ne ash is merely the mineral matter which remains after bones \ 
have been burned for fuel. At one time larj^e quantities of this ash ^ 


were shi])i)e(l to the I ’nited States and luirope from certain South 
American countries, d'he immense ])rairies in .\r£;entine for instance 
support vast herds of cattle and a century or more aj^o these animals 
were often slaughtered merely for tht'ir skins, horns and fat. Accord- 
ing’ to Fritsch the flesh was seldom used for human food and the hones 
were consumed for domestic fuel. 1'hus great mounds of hone ash 
accumulated the \alue of which was not a])preciated until many years 
later. \Mien the importance of this high grade phosphate was recog- 
nized, however, the hone ash was hauled to the seaboard and shipped 
to foreign countries where it was used for manufacturing very high 
grade acid j)hos])hate and jnire pJ^os]>hate products. 

This material is now nearly exhausted and the ancient practice of 
burning hones and thus destroying much of their commercial value is 
generally recognized as a ])rofligate waste. P>one ash, however, is a very 
high grade raw pho.sjfliate material and fln(h a ready market where 
relatively concentrated or ])ure phosi>hate prodiu'ts are manufactured. 
The following analyses of ty])ical samples of hone ash show Ikav free 
most of this material is from objectionable im])urities. 


TAIiLlv V 

Cjiemkai. (*()Mi>()sm()x oi k'lVK Typu ai. Sampi.es of Bone Ash 


Sample No. 


Moisture and organic 

matter 

P2O5 

(aO 

MffO 

Na.(J, K.() 

Fe/ )3 

('On 

SiO. 


1 

2 

3 


5 

l*er Cent 

I’cr ( ent 

Per Cent 

Per Cent 

I’er Cent 

8.89 

19.66 

17.37 

3.39 

10.30 

35.38 

33.89 

32.63 

38.12 

29.56 

47.8(1 

43.00 

39.76 

48.92 

35.50 

0.97 

0.97 

1.48 

[ 


I 3.01 

1.39 
{ 0.78 

0.84 

0.21 

0.84 

5.67 


6.95 

8.31 

6.50 

1 3.90 

20.24 
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Guana , — Tfie word guano is derived from the Peruvian word huanu 
meaning excrement. This material is the oldest fertilizer known to 
man, for the literature shows that the excrements of birds and animals 
were used for agricultural i)ur]xises at least 2(X) years n. c. While 
there appears to have been a j)eriod during which the fertilizer merits 
of guano were una]>preciated or forgotten in certain Kuropean coun- 
tries, it again came into use in 1840 *** when a iirm of Lima merchants 
sent a cargo of Peruvian guano to London. ^Pwenty-two years later 
(1862) the annual exjwrts of guano from Peru had risen to 435,000 
tons. 

Although guano occurs in natural deposits it can not on the whole be 
pro^Xirly classed among the relatively insoluble phosphates since its 
composition and agricultural availability varies between wide limits 
de])ending up(»n the source of the materials, the conditions under w^hich 
it has been laid down and the natural agencies to which it has been 
exj)Oscd.‘*^ 

The guano de])osits found in arid regions or in caves (bat guano) 
where the material has not been subjected to the leaching action of 
water contain, as a rule, their ijhosphoric acid in a much more soluble 
and available form than the guano which has been leached by ])erco- 
lating waters. The former material also contains, in addition to the 
phosphoric acid, considerable amounts of nitrogen, w'hich increases 
greatly its commercial value. Petween the two extremes of guano con- 
taining nearly all of its original organic matter and that which has been 
so weathered as to resemble phosphate rock there are many deposits 
in various stages of decomposition. J^ost of the guano entering the 
fertilizer market conies from India, Africa, the West Indies, Argentine, 
and certain islands off the C'oast of IVru and is chiefly derived from 
either the accumulation in caves wdiere great numbers of bats congre- 
gate or from the droppings of birds w’^hich feed u])on fish and marine 
animals. Hccause of the great \ariation in the com])osition of guano 
it is seldom jmrehased wnthoul the buyer knowing definitely the jxir- 
centages of nitrogen and phosphoric acid (both available and insoluble) 
which it contains. 

The most famous deposits of guano are those occurring on certain 
groups of islancVi off the coast of Peru where for thousands of years 
vast numbers of fish eating birds have nested and reared theV young. 
The dung and remains of countless generations of these marine birds 

" IVruvian (hiano Deposits, Am. Fort. I landliook, pp. 30-34 (1910). 

*®Fritsch, J\lfg. of Cliom. Mamiros, pp. 50-59 (1911); (iilo and Carrero, Bat 
Guanos of Porto Rico, Bull. 25, Port*) Rico Fxper. Sta. (1918). 

Peruvian Guano Deposits, Amor. Fertili/or Handbook, p. 30 (1910); Peru’s 
Wealth in Guano, l*an American Magazine, Vol. 16, No. 5, p. 50 (1913); West 
Coast Leader, p. 15, Aug. 18 (1913). 
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have accumulated in j^uaiio l)eds which have reached a thickness in cer- 
tain jdaces of over KX) feet. 

These dei)Osits prohal)ly represent the most valuable natural ferti- 
lizer known to the world since they occur in a rainless region and hence 
have retained nearly all of their soluble constituents. It is true that 
large guano dejx)sits derived from the same source (the dung of marine 
birds) are found u])on islands in the Caribbean Sea, upon the coast of 
Africa, and on other islands of the Pacific Ocean but jiractically all of 
these dej)osits occur in humid regions where the rainfall has leached 
away much of their content of nitrogen leaving a residue of the less 
soluljle phosj)hates. I 

The nitrogen content of Peruvian guano, however, seldom falls belowl 
per cent and will often run as high as 16 |)er cent. This material, 
therefore, is valued chieily as a nitrogenous fertilizer although it con- 
tains a high percentage of phosjihoric acid (much of which is citrate 
soluble) and appreciable quantities of j)otasli. 

At one time these guano (leiK)sits constituted an imi)ortant source 
of revenue to the T'eruvian go\ eminent, but for years their exjiloita- 
tion was carried on so indiscriminately and with so little regard for the 
future that they ha\e been very much dejileted and it finally became 
evident that they would soon be exhausted unless steps were taken to 
conserve them and protection afforded the birds from which they are 
derived. According to C'oker®’ more than 10,000,(X)0 tons of Peruvian 
guano valued at from $400,0(X),(X)0 to $0(X),fXX),0(X) were extracted and 
shipped from one small gnnij) of islands between 1<S51 and 1872. 

About this time, however, laws were passed limiting the exports of 
guano, and later, regulations were adopted wdiereby the islands were 
mined in rotation and the extraction of guano restricted so as to inter- 
fere as little as possible w’ith the birds, |)articularly while they are breed- 
ing. In this way the sujiplies of guano are being to a certain extent 
replenished but at a rate hardly more than sufficient to meet the demands 
of domestic agriculture. Coker found that in certain rookeries where 
the birds were left unmolested the guano accumulated at the rate of 
Ay 2 inches per annum or 300 pounds to the s(juare yard. This annual 
deposition seems almost incredible until one considers that some of 
these marjne birds consume as much as 8 to 10 ixiunds^if fish each day 
and their* nests arc frequently built so close together as to resemble 
eggs in a crate. 

Bat guano is another tyjx* of natural nitrogenous phosphate ferti- 
lizer but it docs not on the whole compare in value to Peruvian guano. 
The depo.sits are much .smaller, the annual accumulations far less (due 

“Tdem^ I*r()ducing Jiirds, Nat. Geog. Mag., Vol. 37, p. 537 (1920). 
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to the relatively small quantities of food consumed by bats) and the 
caves in which the material is deposited are frequently so isolated that 
it hardly pays to exploit them. Moreover, the composition of bat guano 
varies greatly not only in different caves but in different parts and at 
various depths of the same cave depending u\xm the amount of i>erco- 
lating water entering the cave, the intrusion of soil or other foreign 
material, the type of the rock forming the base of the cave and the 
character of the bacterial activities which function under different 
conditions. Gile and Carrero made a very complete examination of 
a large number of samples of bat guano from various parts of. Porto 
Rico and found that the nitrogen content of this material ranged all 
the way from an almost negligible amount to 13.04 ]Xir cent and the 
phosphoric acid from less than 1 ix*r cent to 41.58 per cent. 

Most of the guano, even that which has been largely leached of its 
more soluble constituents is ground and applied directly upon the field, 
although some is treated with sulfuric acid and its fertilizer constituents 
thereby rendered more soluble and quickly available to crops. 

Apatite . — Apatite is a phosphate mineral having a regular crystalline 
structure (hexagcnial) and a more or less definite chemical conqKisition. 
Two varieties of this mineral are recognized, namely, chlorapatite 
Ca 3 (J^()i).jCl and lluorai)atite (X-APf These two tyi)es contain 

when ])ure from 40.9 to 42.26 per cent of ]b( which is a higher phos- 
phoric acid content than any other phosjihale mineral found in large 
(lciK)sits. 

While widely distributed in nature e^^atile occurs chiefly as veins or 
intrusions in igneous rocks and therefore is jirobably derived directly 
from the molten magma. It has been jirepared synthetically in the 
laboratory by a number of investigators l)oth from mixtures of highly 
heated or fused materials '^'’ and by heating said mixtures with water 
under ])ressure.'''“ 

Tt is generally conceded that ai)atitc is the original source of ])rac- 
tically all natural commercial phosjdiates. Since it is appreciably solu- 
ble in carbonated waters some of the mineral is constantly being carried 
to the sea where it is absorbed and concentrated by living organisms, 
S(jme portions react w’ith other products of rock decomposition forming 
new secondary ])hosphates which may be subsequently segregated in 

®®bat Guanos of Porto Kico, Bull. 25, Porto Uia) Experiment Station (1918). 

**Voelcker, Ber. Deul.sch. C'hem. Ciessell., Vol. 16, p. 2460 (1883); Dana, 
System of Mineralogy, pp. 530-531 ; Gkarke, Data of Geochemistry, 2(1 Edition, 
Bull. 491, p. 336, U. S. Geol. Survey (1911). 

“Daubree, C’ompt. Bend., Vol. 32, p. 625 (1851) ; Manross, Liebigs Annalen, 
Vol. 82, p. 353 (1852); Eorchammer, Liebigs Annalen, Vol. 90, pp. 77 and 332 
(1854) ; Deville and Caron. Coinpt. Rend., Vol. 47, p. 985 (1858). 

“* Debray, Compt. Bend., Vol. 52, p. 44 (1861). 
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n‘latively larj^c clc'i)()sit.s, other i)()rti()ns enter tlic st)il and are taken up 
by plants which in turn may l)e either consumed by men and animals 
and the ])hosphoric acid thus utilized to build up hone and tissue, or the 
j)hosj)hate may he aj^ain returned to the soil in altered form after the 
death and decay of vegetable life. 

Although sometimes found in large bodies, apatite like nearly all 
mineral veins or intrusions is very irregular in occurrence. 

The most im])ortant dei)osits are found in Norway, Si>ain and C'an- 
ada and before the discovery of the immense (lej)osits of amorphous 
phosphates in the Tnited States the mining of Canadian a])atitc wa$ 
conducted on a fairly extensixe .scale.'^'" The peak of production \v\ 
Canada was reached, h(3wever, in when the annual outpu^ 

amounted to 31,753 tons. Since that date the industry has steadily' 
declined and as early as hS^X) the annual j)ro(luction had fallen to 570 
tons. 

1-arge reserxes of a])atite still remain in the proxinces of Ontario 
and Ouebec hut the small tonnage which enters the market is obtained 
merely as a hy-j)roduct in the mining of mica with xxhich the apatite 
of the latter proxince is associated. The irregularity and uncertainty 
of vein dejiosits and the hardness of the country rock make the cost of 
pro.s])ecting and mining aixitite relatixely high. Aloreoxer, the material 
must he cobbed or hand picked in order to insure a high grade i)r()duct 
which adds further to the final co.st. It is a significant fact that the 
three countries mentioned ahoxe haxe not only ceased to exjxirt apatite 
hut jiractically all of the ])hosplii^tic feitili/(*r manufactured for domestic 
use is produccfl from amorphous phos])hate rock imi)orled from Africa 
or the I'nited Slates. 

Phosphorite or Phosphate Rock. 

rhos]diorite or amorphous j)hos])hate rock xvhich occurs in sedi- 
mentary deposits (usually of marine origin ) in many parts of the world 
is by far the most important of the raxv materials used as sources of 
phosphoric acid for fertilizer and other industrial [>urposes. 

Few minerals marketed today are found at a greater numher of 
geologic horizons and occur under a wider range of lyitural conditions 
than i)h(?sphate rock. Jt is found in deposits of Ordovician, Silurian, 
Dexonian and ('arhoniferous Age, in Jurassic, Oetaceous, d'ertiary and 
even more recent strata. In ])h\sical ])roi)<‘rties it xaries all the way 
from hard llintlike masses to soft plastic material resembling kaolin, 

”Wvatt, lMi()sj)hates of \nierica, i>p. 27-44 (18^>2). 

The ^lineral Tiidust. of the Tinti'^h I''nii)ire, Imp. Mineral Resources liureaii, 
p]) 35 37 ( P>21 ) : Speiise, i’hospliate in (an.ida, Report of the Canadian Dept, of 
Mines (1921). 
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and from black massive seams of rock which have l)een mistaken for 
coal to brown, ix)rous thin bedded strata or to small white nodules and 
pebbles. There are deposits which show little evidence of organic origin 
and others which are largely made up of fossilized bone, teeth and the 
water worn casts of phosphatic shells. 

While different deixjsits as well as the several strata in the same 
deposit may vary considerably in value and extent, phosphate rock on 
the whole is readily and cheajdy mined, and there is little doubt that the 
abundance and k)w cost (jf this mineral are largely responsible for the 
expansion of the fertilizer industry and the economic maintenance and 
increase in crop yields. 

The ratio of lime to phos]>horic acid in the purest samples of phos- 
phorite approaches that in fluorapatite (Cai( PC )i) jF) or tricalcium 
])hos]jhate (C'a.jfPC )i)j ),"'** but nearly all phosphate rock contains as im- 
purities various amounts of organic matter, iron and aluminum oxides 
or j)hos])hates, carbonates of lime and magnesium and calcium tUu)ride. 
Moreover, nodular and plate t)hosi)hates are usually found mixed with 
clay and sand from which they must be separated by a washing process, 
or in the case of the bedded deposits the rock may be interstrati bed 
with limestone and shales entailing selective mining in order to obtain 
a marketable ])ro(luct. 

The phosphat<‘ rock deposits of the world in the order of their 
])resent commereijd importance are as follows: 

The i)hosphates of the Ihiited States including those of great value 
and extent in Morida, Tennessee and the western states^ ITah, Idaho, 
W'yoming and Montana and deposits of less importance in South Caro- 
lina, Kentucky and Arkansas; the de])osits of northern Africa in 
Algeria, Tunis, h'gypt and Alorocco; the deposits in the Pacific and 
Indian Oceans including those of Ocean, Christmas and Nauru Islands, 
and islands of the Marshall, Pellew and Society groups; deposits of 
less im]X)rtance in Australia, Japan and New Zealand: the phosphates 
of Kussia, Piclgium, h>ance, luigland; and a number of smaller dei>osits 
in various other countries. The world's output of phosphate rock 
based on material marketed for eight }ears is given in detail in Table \’l. 

• Finely Ground Raw Rock Phosphate. 

In order to maintain indefinitely the fertility of soils with respect to 
phcjsphoric acid, a number of agronomists and agricultural chemists 
recommend the application of finely ground unacidulated raw rock phos- 
phate directly on the field. A considerable tonnage is thus annually 

Clarke, F. \V., Dale (if Geochemistry (2nd lulition), Full. 491, U. S. Gcol. 
Survey, p. 499 (1911). 
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Algeria 

Angaur Island 

Australia 

Belgium 

Canada 

Christmas Island 

Dutch \V. Indies (Aruba & Curacao) 

Eg>pt 

France 

Japan 

Madagascar 

Makatea Island 

^lorocco 

New Zealand 

Nauru Island 

Norwav 

Ocean Island 

Russia 

Spain 

Tunis 4 

Vnited States • 

Total 


4K 


“Based on marketed output. Estimated. 'Statistics not available. ^ In eludes Ocean Island. 'Exports. 'Included in 
figures for Nauru Island. * First 6 months. 
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employed chiefly in the state of Illinois where the late Dr. Cyril G. 
Hopkins consistently advised its use in connection with crop residues, 
manure or other forms of organic matter. From a .strictly theoretical 
standix)int it would appear that finely ground raw rock phosphate should 
be an effective phosphate carrier, particularly when applied to .soils low 
in phosphoric acid. (. ertainly we know that the mineral phosphates of 
the .soil which normally .suj>i)ort plant life have no greater solubility 
than phosphate rock. Tn fact iron and aluminum phosphates which are 
probably the chief comjxmnds of jihosjJioric acid in most soils are con- 
siderably less soluble than tricalcium phosphate, the main comiwund 
present in phosjfliate rock. This latter compound is known to be appre- 
ciably dissolved by carbonated waters and therefore it .should enter the 
soil solution which is nearly always rich in carbon dioxide. 

The agricultural value of finely ground unacidulated mineral phos- 
[ihates does not lack practical supporting evidence. Many exiieriments 
conducted in the laboratory greenhouse and field ixiint strongly to 
the merit of this material and the author, in a compilation and classi- 
fication of all the long time exixiriments conducted with raw rock 
pliosiihate, found that as far as the data would admit of conclusions 
this material usually gave increased crop yields and from a financial 
stand])oiiit the results obtained often compared favorably with those 
from other tyjies of phosphatic fertilizers. Very fine grinding, liberal 
applications, and the presence in the soil of fairly large amounts of 
organic matter are imixirtaiit factors, however, in determining the 
effectiveness of raw ground jibosphate.rock as a fertilizer and even 
when all the conditions are favorable to its ready utilization it should 
not be expected to give as quick returns as the more soluble phosphatic 
fertilizers. 


" WagKatnen and Wac[iitr, Hull. 6W, Department of Agriculture (1918). 



Chapter 2. 

Phosphates of the United States. 

Florida. 

The most extensively exploited deposits of i)liosplialc in the world 
are those of I’lorida and since 1<S88 when the first 3, ()()() tons wene 
shipped from the J*eace River District the ])r()dnction of ]''lorida i)liosV 
phate has stejidily increased with the excejition of a few years when 
adverse conditions temporarily reduced the output. I 

So many excellent pajiers ' have been published discussinj^ the his- 

* For the history, geology, and descriptions of the P'lorida JMios^diate deposits 
see llawe.s, (ieo. W., A lMn)sphalir Sandstone from Hawthorne, Florida Nat. 
Mii.seum proceedings, pp. 46-48 (1883); Alineral Resources, I’. S. (ieol. Survey, 
1883 to 1921, inclusive; Smith, F. A., IMiosphatic Rocks of Florida, Science 5, 
pp. 395-390 (1885) ; Penrose, R. A. F., Jr., Nature and Oiigin of Deposits of 
Phosphate of Lime, Bull. 4(), l\ S. (ieol. Survey (1888) ; Ledoux, A. R., The 
Newly Discovered Phosphate Beds t)f Florida, fs\ Y. Acad. Science, I'rans., 9, 
pp. 84-94 (1890); I’ickel, J. M., Florida IMiosphate, Ma. Agr. F'.xp. Sta. Bull. 10, 
pp. 6-11 (1890); Cox, T,. An Fxtensi\e Deposit of I’hosphate in Jdorida; 
Wyatt, Francis, Phosphates of America (187 pages) (1891); Darton, N. II., 
Notes on the Ceology of the Fla. Phosphate Deposits, Amer. Jour. Sci., 41, pp. 
102-105 (1891); Alillar, C. C. 11., Florida, S. Carolina and ('anadian Phosphates, 
223 pages (1892); Dali, W. 11., aiul Harris, (i. D., Correlation Papers, Neocene 
of North America, U. S. (Ieol. Survey, Bull. 84 (1892) ; F.ldridge, (I. H., A 
Preliminary Sketch of the i’hosphates of Florida, Amer. Inst. Min. F.ng. Trans., 
21, pp. 196-231 (1893); Wright, Carroll D., The Phosphate Industry of the 
United States, 6th Special Report of ('ommissioiier of Labor, Wash., D. ('., pp. 
23-69 (1893) ; Cox, K. T., (Ieol. Sketch of Florida, Amer. Inst. Min. Kng. Trans., 
25, pp. 28-36 (1896); Wells, (I. M., The Ida. Rock Idiosphate Deposits, Amer. 
Inst. Min. Kng. Trans., 25, pp. 163-172 (1896); Codington, K. W.. The Florida 
Pebble Pho.sphates, Amer. Inst. Min. Idig. I'rans., 25, pp. 423-431 (1896) ; 
Brown, L. P., Phosphate Dcp<jsits of the Southern States, F.ng. Assoc, of the 
South Proc., 15, No. 2, pp. 63-86 (1904) ; Jumeau, L. P., Le Phosphate de Chaux 
ct les Exploitations aux £tats-Unis, Paris, 198 pages (1905) ; M«atson, C. (I., 
and Clapp, F. Cl., A Preliminary Report on the (leology of Florida, Fla. State 
Geol. Survey, 2nd Ann. Report, pp. 21-173 (1909); .Sellards, E. H., A Pre- 
liminary Paper on the Fla, Phosphate Deposits, Fla. State Geol. Survey, 3d 
Annual Report, pp. 17-41 (1910) ; Waggaman, W. 11. , A Review of the IMios- 
phate Fields of Florida, Bull. 76, Bureau of Soils (1911); Brown. L. ]\, The 
Phosphate Deposits of Continental North America, 8th Int. Congress of Applied 
C'hemistry, 26, pp. 87-113 (1912); Sellards, IC 11., (Origin of the Hard Rock 
Phosphates of Florida, 5th Annual Report, l^da. Geol. Survey, pp. 27-80 (1913) ; 
Sellards, E. IL, The Pebble Phosphates of Idorida, 7th Annual Report, Fla. 
Geol. Survey, pp. 29-116 (1915); Matson, G. C., The Phosphate Dei)osits of 
Florida, Bull. 604, U. S. (Ieol. Survey (1915); Mansfield, G. R., Phosphate 
Resources of the U. S., pp. 8-15 (1917) ; Dobbins, W. J., Mining and Washing 
Pho.sphatc Rock in Florida, Eng. & Min. Jour I*rcss, Vol. 116, p. 577 (1923). 
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lory geologic occurrence and origin of these de]X)sits and describing 
the physical and chemical i>roperties of the several ty].>es of rock and 
the methods of mining, washing, drying and marketing the product, that 
the writer hardly feels justified in giving more than brief descriptions 
of these deposits. 

There are three classes of i)hosphate mined in Florida, namely, the 
hard rock, the land i>el)l)le, and soft phosphate. The last mentioned, 
however, has at present hut little commercial significance since it is 
expensive to se])arate in a pure slate and is not generally considered 
desirable for the manufacture of soluble phosphatic fertilizers and pure 
phosphate j>roducts. 'Phe river i>ebl)le phosphates formerly dredged 
from the beds of streams belongs to a more recent geologic period than 
the hard rock, or land pebble types and is still accumulating in certain 
rivers which drain the ])hosphate area. These deposits owe their imme- 
diate origin to the formation across which the stream flows. The river 
])ebble, however, is as a rule of somewh.at lower grade than the land 
]>ebble phosphate and its recovery is more costly. 'Phe exploitation of 
these deposits, therefore, gradually fell off and in (1W8) ceased 
entirely. 

The hard rock iJiosphate region lies towards the west side of the 
Florida Feninsula, extending in a north and south direction from 
Suwannee and C'olumbia Counties to C'itrus and Hernando Counties, a 
distance of over 100 miles. Fxccllent transj)ortati()n facilities are fur- 
nished by two railroads and most of the material is transported to ports 
on both sides of the peninsula and fron’ jthere shipi)ed chiefly to foreign 
countries. 

The hard rock i>h()S])hate belongs to the Tertiary or Oligocene epoch. 
The rock occurs as nodules and bowlders in irregular jxx'kets which 
vary in size from a few sejuare yards to several acres in extent, these 
nodules being imbedded in a matrix of sand, clay and soft i)hosphale. 
The deposits which are covered by an overburden of sand and clay 
varying from a few inches to 30 feet or more in thickness usually rest 
ujMDn a thick and relatively pure light colored cavernous limestone 
known locally as the \'icksburg formation.- 

Numerous theories have been advanced to explain the origin and 
formation of tlTese deposits and since the remains of terrc^itrial and 
marine life are found closely associated with the phosphate the earlier 
geologists favored the theory that they are largely derived from organic 
sources. Dali '' and Millar * were of the opinion that guano was prob- 

* Sellards, E. H., Origin of the Hard Rock Phosphate Deposits of Idorida, 
5th Annual Report Florida State Ck*ol. Survey (1913) ; Matson, G. C., The 
Phosphate Deposits of Florida, Pull. 604, U. S. Geol. Survey (1915). 

‘Bull. 84. U. S. Geol. Survey, pp. 134-140 (1891). 

* Florida, South Carolina and Canadian Phosphate, pp. 116-118 (1892). 
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a]>ly the original source of these phosphate deposits. The former be- 
lieved that the phos])horic acid was leached out of such material as 
fast as it was formed and taken up or fixed by the underlying lime- 
stone. IJe thought it doubtful, however, that the frequent occurrence 
of bones and teeth has any l)earing on the origin of the phosphate beds 
since such remains occur in many localities where the phosphate de])osits 
are lacking. JVatt''' believed that the phosi)hate bowlders are the frag- 
ments of the fossil remains of gigantic formanifera which either per- 
ished through natural causes or were preyed upon by higher forms of 
marine life. Eldridge *’ divides the hard rock deposits into three iK^rioclij, 
first that in which the i)rimary rock was formed from underlying limel 
stones through the dis])lacement of carbonic acid by phejsphoric acid\ 
second, that of secondary dep(»sition in the cavities of the ])rimary rock;\ 
and third, that in v^hich the dejKisits thus formed were broken up and» 
mixed with foreign material. Juineau " attributes the formation of the 
F]<»rida phosphates to the secretion and subsequent deposition of phos- 
jihate of lime b\ lower marine forms; to tlie excreta of birds which feed 
on marine life; and to the deiKisitbin of bones of innumerable animals 
driven south by the iniense cold of the glacial period. Brown ^ and 
Matson are inclined to the theory that the [ihosphoric acid from which 
the Florida phosphates are derived was originally disseminated through 
the Vicksburg limestone in the form of nodules and in shells of phos- 
phate secreting animals. Some of the phosphoric acid was concentrated 
l)y solution and rede])osition, re]>lacing the carbonic acid of the lime- 
stone. Subsequent (lisintegraliwn of the rock freed these nodules from 
the surrounding limestone «'ind they were finally concentrated in .sinks 
by .streams or ocean currents, or by both. Matson states that with 
few exceptions the deposits are all of secondary origin. Sellards 
believes that the hard rock deiiosits are derived from formations of 
upjier Oligocene Age which are now almost entirely lacking in the phos- 
phate area, but which arc found bordering these regions, lie considers 
the hard rock dejKisits made uj) largely of the residue of these forma- 
tions which have disintegrated in place. lie considers that the replace- 
ment of the original limestone by calcium ])hosj)hate was an inqxirtant 
factor in the formation of these deposits, also that the precipitation of 

®Aii otticial report made on 8,000 acres of phosphate property in Fla. (1890). 

•Trans. Am. Inst. Min. ioig., Vol. 21, pp. (1891). 

Phosphate de C'haux et Lc.s iLxploitutions Aiix Ftats-Fnis, Paris (1905). 

• lOiosphate I)ep{)sits of llie Siiiitherii States; Knuineeriiig Asso. of the .South, 
trails., Vol. 15, No. 8, pp. 63-66 (1904). 

"The Phosphate Deposits of Florida, Hull. 604, U. S. Geol. Survey, p. 54 
(1915). 

"Tiull. 604, U. S. Geol. Survey, p. 45 (1915). 

” C)rigin of the Hard Rock Phosphate Deposits of Fla. 5th ann. report, Fla. 
State Geol. Survey, pp. 23-30 (1913). 
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phosphoric atid from solution contributed further to the enrichment of 
these deposits. 

While the hard rock phosphate varies considerably in its physical 
properties, on the whole it consists of hard white or cream colored 
nodules or bowlders, sometimes haviiij^ cavities filled with foreign mate- 
rial derived from the matrix of sand and clay and soft phosphate in* 
which the material is iml)cdded. The phosphate beds vary greatly in 
thickness (even within a very small area) ranging all the way from a 
few feet to 70 feet or more. The percentage of recoverable rock in the 
matrix also differs widely from place to place. The average grade of 
the rock after washing and drying is 77 jxir cent tricalcium phosphate 
(bone phosphate of lime) and less than three per cent of iron and 
aluminum oxides. 

The following descrij)tion is given by MansfieUP^ on the method 
em]>loyed in prospecting for hard rock phosjJiate. 

‘Tn the hard-rock field of hdorida the bedrock is so rough and the 
distribution of the iJiosjjhate-bearing matrix so irregular that detailed 
])rosi)ccting must be done before any commercial exploitation may be 
attemjited. In usual practice holes are sjiaced not more than 50 feet 
ai>art, and where greater detail is needed the distance between holes is 
reduced to 25 feet or less. In preliminary work holes may be spaced 
at 100 to 200 foot inter\als; then intermediate holes are placed as 
necessary. In this way the shape and si/e of a commercial body of 
ore are carefully outlined. In 50-foot s])acing a 40-acre tract system- 
atically tested Nvould contain 20 lines of holes with 26 holes each, a total 
of 670 holes, or about 17 holes to the acre. 

The overl)urden is usually removed by “cupping.’* The “cup” is a 
vertically slit iron cylinder al)Out 1 foot long and 2 inches in diameter 
attached to drill rods or pijHi, which may be used in 5-foot or other 
convenient lengths. When the jdiosphate is reached or the overburden 
is too tough or hard for the “cup“ the hole is cased with 2-mch double- 
thick pipe, and a chisel bit with ball valve, mounted on a 17^-inch pipe, 
is introduced. Drilling may be done either by man power, with a simple 
trijKid and pulley, or by a ])ower drill. 'I'he thickness of the phosphate 
matrix is determined together with the amount and quality of the washed 
and dried ])hosphate rock. On this basis the tonnage is conjputed for 
the area examined. 

According to ex])erience(l o])erators a hard-rock plant would ordi- 
narily cost about $1(X),000, and the minimum quantity of rock in sight 
for such a jilant should be 50,000 tons, though a favorably located and 
shaped body of ore containing as little as 15,000 tons might be worked 
with a smaller jJant. z\ small body of ore adjacent to an operating 

“Phosphate Rock, Mineral Resources, Part II, U. S. Gcol. Survey (1^23), 
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plant might be worked at profit, whereas by itself it would not be 
profitable. 

In prosi)ecting of this sort much barren ground must be tested in 
the course of locating and testing a commercially valuable body of rock. 
The cost of such work averages $.300 or more to the acre. 

Florida haid rock phosphate is mined by first removing the over- 
burden of sand and clay ami then digging out or dredging the phosphate 
stratum thus exjuised. The thickness and character of the overburden 
varies consideralily and upon this depends largely the cost of production. 
The depth of the overburden is not now considered as important as i}t 
was during the early development of these de^Kisits, whereas 10 to IS 
feet of overburden was at once consideted too great to be ecoi 
nomically remo\ed, pros])ecting is now carried to a depth of 50 feet.' 
The o\erburden is removed In scrapers, steam shovels or by hydraulic 
means. "J'he t)j)C of mining emjikned (dr> or dredge mining) depends 
on whether or not the dejMJsit occurs above or below the normal water 
table. In the dr} mines the ]jhosphate bearing material may be lemoved 
either by hand labor (pick and shovel) oi b\ mechanical means (steam 
shovel). Blasting is often resorted to to bieak up the large bowlders of 
phosphate. In the mines where the phosphate deixisits lie below the 
water level, large dredges are tloated in the beds and phosphate and 
matri.x scooped iij) and loaded into cais for shipment to the washer 
plant. The latter method does not jiermit of selective mining and the 
outlay of ca])ital for machinerv is usuall} somewhat greater. 

The phosphalic material is^mmght from the mines in tram cars, 
hauled up an inclined track to the washer ])lant and diimiied iiixm a 
grizzly or grating having bars about 2 to 2*^ inches apart which allow 
the smaller fragments of rock and matrix to i>ass through into the 
washer. Large bowlders are bioken up, thiown back u\xm the grizzly 
and hence also pass to the washer. 

The washer consists of one or more jiair of w’ooden logs, 30 feet 
in length and 18 inches in diameter which revolve in oj)]>osite directions 
in an inclined trough A scries of blades or teeth bolted to the logs in 
spiral form work up the ])hosphate and matrix as it enters the lower 
end of the trough and carry the material forward with constant rub- 
bing, whjle streams of water are continuously s]>raved upon it. The 
adhering sand, clay and sf){t ])hos]>hate are thus s(*])arated from the 
rock, and the water carrving these impurities in suspension flows back 
towards the lower end of the trough and is discharged into a flume 
which carries it to waste ponds situated some distance from the iilant. 
From the logs the lock ])asses into one or more revolving rinsers which 
consist of double shell c}linders made of perforated steel plate, the 
inner shell has i)erf orations lJ/> inch X H outer shell per- 
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forations % inch X Me inch. In the rinsers the material is sprayed 
with further <iuantities of water and the remaining jiarticles of adhering 
clay loosened and washed away. A separation of coarse and fine phos- 
jdiate rock is also effected at this point — the larger lumps retained by 
the coarse mesh of the inner cylinder arc discharged upon a picking 
table or belt where Hint, limestone fragments and clay balls are removed. 
'I’hc finer irarticles which pass through the inner screen but are retained 
by the outer screen are discharged into a pit, taken up by elevators and 
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diiiniK‘(l into l)ins or U])on piles to drain. The washed rock is then dried 
either liy liurnin^ on ricks of wood or in rotary kilns somewhat similar 
to those em])lo\ed in the cement industry. While the former method 
is still used to some extent in the hard rock phosphate area, jt is grad- 
ually being rejilaced hy the latter method where crude oil is used as a 
fuel and the drying process completed more quickly. The flow sheet 
of a ty])icnl ])hosphate w’asher in the hard rock area is shown in Figure 1. 

In order to meet the demand for a high grade product a large amount 
of i>hos])hate material i.s annually lost in the w^ashing t>rocess. The 
marketed product is .seldom more than 10 per cent of the total material 
mined and usually less. The remaining 85 per cent consisting of sand, 
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clay, soft phosphate and fine particles of relatively high grade rock is 
discharged into the waste pond. This discarded material varies in its 
content of phosphoric acid, but will contain on the average at least 10 
per cent of V.(\, The amount of phosphoric acid thus discarded, 
therefore, is greater than that actually saved and while this waste covers 
large areas in the vicinity of old phosphate plants no method has yet 
been devised wherel)y its phosphoric acid content can be economically 
extracted. 

Mining operations in the hard rock fields have fallen oflf somewha^t 
in recent years since the cost of producing this high grade material i|s 
far greater than that of mining the more regular dei)Osits of pcbblfe 
phosphate occurring further south in this state. Moreover, the demancl 
for this rock in certain foreign countries which formerly purchased\ 
most of the out]>ut has decreased considerably due to the unfavorable 
rate of exchange and to the increased development of tlie deposits of ' 
phosphate rock in northern Africa. While many of the hard rock de- 
posits have Ijeen worked out there still remains a large tonnage of this 
exceptionally high grade material and it is probable that this field will 
continue to be a factor for many years to come. 

It is rather difficult to arrive at the present average cost of i)ro- 
ducing Florida hard rock phosphate for the market, not only because 
of the irregular occurrence of the deposits and the wide fluctuations 
in the quantity of rock reco\cred i>er ton of material handled, but also 
on account of the unsettled industrial conditions which have prevailed 
ever since the war. These cuiylitions continue to aiTect the price of 
labor, fuel and mechanical equiimient. 

The figures giv’cn in Table VII are comi)iIed from data obtained 
from a number of operators in these fields and though somewhat ai>- 
proximate may be regarded on the whole as fairly conservative. 

TABLlv VII 


Average Cost (plr Long Ton) oh PkontHiNG Fioj<ij)\ 1 1 vrj) Rot k I’iiospume 

lOK iiu: Marki I 


Items 

C'ost i)er Ding Ton 

Labor * 

Dollars 

< 1 75 

Drving rocic (fuel) 

.30 

Depreciation on land 

.25 

DL'preciation on plant 

.50 

Power (electric or steam) 

.50 

M ainlenance 

.35 

Taxes and insurance 

.10 

Interest at 6 per cent 

.15 


Total cost t 

3.90 



♦ Tnrliich's labor for mining, washing, drying and storing. 
1 Ivxclusivc of overhead charges. 
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The pebble phosphates of Florida are the most extensively worked 
of any in the world. The phosphate area at present productive includes 
the eastern part of ^Hillsboro, the southwestern part of Polk and the 
northwestern part of Desota Counties. The chief mines being in Polk 
and Hillsboro Counties some 20 to 40 miles east of Tampa to which 
port the bulk of the phosphate is shipped. Three railroads serve the 
pebble phosphate regions. 

These deposits are also of Tertiary Age, but are more recent (Plio- 
cene) than the hard rock phosphate. The chief formation in which they 
are found is commonly known as the “Pone Valley Gravel.” 

Darton considered that these deposits are derived from the hard 
rock phosphate, since the pebbles are similar in appearance and overlap 
those older beds as a shore de]>osit. Eldridge while inclined to the 
view that the pebl)le dei)osits are probably composed of the rolled frag- 
ments of preexisting beds doubted that they were derived from the 
hard rock phosphate. In discussing the origin of the land pebble phos- 
phate Eldridge quotes from an unpublished paper of Shaler, in which 
the author attributes the formation of phosphate pebbles to the leaching 
action of phos[)hate solutions upon soft, porous marls, the replacement 
of carbonic by i>hos])h()ric acid being accompanied by a certain degree 
of disintegration. The fragments thus formed when subjected to some 
concretionary deposition and attrition assumed a pel)ble form. This 
author further states that it is evident the ])eljble deposits have been 
subjected to erosive forces, since the beds in the valleys are much thicker 
than those in the uplands.^® The freqrent occurrence of sharks* teeth 
and other marine remains indicate that this erosion was caused by the 
action of the sea. Sellards considers that these deposits are also 
derived from the same source as the hard rock phosi>hate but that the 
l>rocesses by which they have accumulated in their present form are 
strikingly diflerent. lie believes the hard rock i)hosphate deposits arc 
chemical preci])itates or replacement deposits, but that the land pebble 
phosphates arc residual de])()sits from erosion of the i)arent formation. 
Moreover, where the hard rock phosphates occur in sections where 
the parent formation has entirely disintegrated over limestones, the 
land pehble phosidiates are formed as a blanket dei')osit resting upon and 
representing a concentration from the parent formation. In a somewhat 
more recent investigation Matson found that while the Bone Valley 

“Amcr. Jour. Science, 3cl series, Vol. 41, p. 105 (1801'). 

**Amer. Inst. Min. Enj*. Trans., Vol. 21, pp. 218-219 (1893). 

“Kxtcnsi\e developments in the pebble fields, however, have shown that many 
of the best Ix'ds of phosphate are found in the uplands. 

“The Pebble Phosphates of Florida, 7th Ann. Report of the Florida Geol. 
Survey (1915). 

” The Ph(jsphate Deposits of Florida, Bull. 604, U. S. Gcol. Survey, p. 35 
(1915). 
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formation is ihe chief source of the pebble ])hosj)hate there arc a few 
mines which obtain some phosj)hate from strata lyings un conformably 
l)el(>w this formation. 1'his discovery may have an im]:M)rtant commer- 
cial sijjnificance in future prosj)ectin^ and ex^doilation work. 

The |)ebble phosjdiale re^jioii is relatively level and the deposits on 
the whole far more regular in their occurrence than those in the hard 
rock regions. While the pebbles are imbedded in a matrix of sand and 
clay somewhat similar to that in which the hard rock is found, the 
yield of ])roduct ])er ton of material handled is on the average consider- 
ably greater than the yield of hard rock i)hosphate. | 

Mansfield^'' gives the following brief descriptitm of the methoU 
emj)loyed in prospecting for b'lorida ])ebble i)h(js])hate, the value set 
on the rock in the ground, and the cost of the average ]>hosphate ])lant\ 

“In the ])el)ble field the phosphate matrix, though \ariable in (juality 
and thickness, is much more regular than that of the hard-rock held, 
and fewer holes are needed. In commercial practice U> holes are ordi- 
narily sufficient to test a 40-acre tract, 'fhe method of ]>ros])ecting is 
slightly different from that used in the hard-rock field. 44ie whole 
operation is done with a modified form of posthole auger 4 inches in 
diameter, and 4^ j inch casing is sunk at the same jiace as the auger. 
The phos]>liatc matrix removed from the auger is weighed after the 
water has been allowed to drain away, then washed over a standard 
screen, and the jihospliate is dried o\(t a lire and weighed, h'rom the 
thickness of the matrix, the weight of the phos])hate rock reco\ered, 
and the jiercentage of ph(»sphwte to matrix the tonnage of phfisjihatc 
rock in the tract is conumted according to a formula such as the fol- 
lowing, which is used by one of the larger comjianies: Area (square 
feet) X thickness of matrix (feet) X weight ])er cubic foot ('j)ounds) 
X liercentage of rock in matrix -y 2,240. The grade of the available 
rock is determined by anal\sis. A sample ])rosj)ecting summary for a 
40-acre tract shows the total area, the minable area, the total minable 
tonnage and the average per acre, the average* tricalcium phosphate, the 
average iron and alumina, and the average o\erburden ])er acre and j)cr 
ton. cost of such ])rosi>ecting w'ork was stated b\ one comi>any to 

have averaged $8.00 an acre for a tract of 2,000 acres. 

I Vbbh'-phosphate jilants ojierate on a larger scale than hard-rock 
plants and re(|nire a far large*!* tenmage eif minable rock, h'or examjile, 
a jilant w*ith an annual cajmeitv eif lOO.OCX) terns a year is said tei cost 
abemt $.S()().000 to Imilel. I )epreciatie)n, as in the hard-rock fielel, is 
heavy. For such a ])lant jirobablv as much as 4,(XX),(K)0 tons of rock 
should be in sight. 

In pebble fields the depth eT the overburden is of much less conse- 
** Mineral Resources, Part 2, p. 255, S. Geol. Survey (1923), 
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quencc in mining operations than formerly, though it must always 
impose limits upon exploitjition. Whereas 10 to 15 feet of overburden 
was once considered excessive, and later intermediate limits were set, 
prospecting is now continued to a depth of 55 or 60 feet. 

In the pebble field, land is sold at a price jkt ton of rock in the 
ground. In May, 1923, the writer was informed that land containing 
2,000 tons of phosphate to the acre would be considered niinable under 
favorable conditions. An average overburden of 7 to 8 cubic yards to 
the ton of rcK'k for the whole area would be the limit for ordinary- 
grade rock. One tract was sold in which the overburden averaged 8^ 
cubic yards, and for another in which the rock was of high grade 10 
cubic yards was the limit set. 'Phe j)rice ix.*r ton of rock in the ground 
Wf'is said to ha\e ranged from 33^2 to 15 cents. A sale carries title to 
the land. 

Deposits of pel)l)le jjhos]>hate range in thickness from a few feet to 
20 or 25 feet with an a\erage of about 12 feet. I'he j)ebbles vary in 
color from light gray to hlack and in size from those smaller than a 
pin head to nodules almost as large as one\ fist. The overburden which 
is chielly sand ranges from a few feet to 40 feet in thickness with an 
average thickness of about 15 feet. 

H}draulic mining is almost unuersally emi)lo}ed in IhCwSe fields and 
immense tonnages are thus readily and chea])l} handled. Both steam 
shoNels and hydraulic giants are used in remcning the overburden from 
the ]>ebble deposits, the operation often being so conducted that this 
oxerburdeii is used to fill in the pits of mined o\er i)roi)erty and thus 
make it possible at some future date to use such areas for agricultural 
purposes. After the overburden is removed the phosphate and matrix 
is excavated bv hvdraulic means. Heavy sti earns of water under a 
pressure of 100 to 160 ]H)unds per s(|uare inch wash the banks of phos- 
])hate matrix down into a sump where it is sucked up liy centrifugal 
pumps and conveyed through heavy 10 inch in’ix^s to the washer plant. 
In deej) mines or where the dei)osit is k)caled at some distance from the 
washer a second ])ump or “htxjsier*' is often necessary in order to raise 
the material to the ])roper height. 

The washing and screening ])rocesses are quite similar to those em- 
ployed in the ha"rd rock regions, but by the use of rotating anc^ vibrating 
screens of smaller mesh, finer particles of phosjdiate are frequently 
saved. In a number of cases concentrating tables similar to those em- 
ployed in washing metalliferous ores have been used. After the rock is 
washed and drained it is dried in rotary kilns (heated by oil burners) 
to a moisture content of one per cent. Several grades of pebble phos- 
phate are marketed. The lower grades which are used chiefly for do- 
mestic consumption contain from 6() to 68 jxir cent tricalcium phosphate 
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and a niaximiim of 4 per cent of iron and aluminum oxides, and the 
higher grades which are shij)ped abroad contain from 75-77 per cent 
bone phosphate of lime. A J^'low Sheet of a typical phosphate washer 
ill the pebl)lc field is shown in Jngure 2 and views of mining oi>erations 
are given in Figures 3, 4, 5, 6, 7, 8 and 9. 

The waste material which is washed away in prei>aring Florida 
pebble phos]>hate for the market also contains considerable ciuantities 
of very fine particles of rock and soft j)hos])hate. While the amount of 
phosphoric acid lost in ]K‘bble mining represents perhaps a smaller per- 
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Fig. Z.— Flow Shed of Typical I’lKisi)hatc Washer Plant Florida Pebble District. 


centage of the t(dal material handled than that lost in mining hard rock 
l)hosphate, neiertheless the waste thus entailed is very great and jmib- 
ably equai in tonnage to that saved and marketed in- the* form of a high 
grade washed j^roduct. These fields have had an average annual pro- 
duction of 2 /x 30,0(X) tons of jthosjdiate rock for the past 15 years and 
the equivalent of this amount has been discarded along with the impuri- 
ties in the deposits, \\diilc many of these waste heaps are readily 
accessible, it is doubtful if it will ever pay to rehandle this material. 
Although mining, washing and screening equipment have reached a high 
degree of ixirfectioii in the Florida i)hosphate fields, the nature of these 
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Fig 4 — Removing Overburdtn from a Deposit of Florida Phosphate bj Means 

of a Steam Shovel 
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(lq)()sils is '^uch that a shar]), clean separation of the ])ho&i)hate from its 
imjniiilies can not l)e l)ioui*ht a1)oiit li> mechanical means. 



1m(. 5 — \ ] loiula lMinsj)hcik Mint \ltii the Kcmosal ot ( )\c ilmrcUii 

C hemic al oi heat tuatment ol the mine iiin i)hosi)hate seems to 
oflei the onl\ solution to the inohlem ol utili/int» fulh the i)hos- 



1 ](, 6- \ Vast IhU of Washed Undiied Pchhlc Phosphate 

phone acid ])iesent in these deposits. 'J he most iiioinismi* of these 
chemical jiioe'esses ai)])ears to he the i>yiolvtic or volatilization nieth- 
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od of producing phosphonc acid winch is discussed in detail fur 
thci on 



Ik b Ixiilnail \aids of i riio^philt tompnij in 1 luiida 

'since the iiclihlc deposits of J loiida lie Huh ut,ulii in their occm 
unit the 1 itu>t in tlic tost of picpaiing this tipt of phosphatt for tlic 
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market is not as wide as that pf producin^^ the hard rock type. At the 
same time the present unsettled industrial conditions cause fluctuations 
in the prices of labor, fuel and equipment from time to time which 



Fig. 9. — A Trainl(}ad of IVhble J’hospliatc Kii Route to l*ort Tampa, h'lorkla. 

make it difficult to estimate closely the averajije cost of ])rodiiction \yev 
ton. The following figures. Table \ 111, however, c(»mi)ilcd from data 
furnished by a number of large operators in the jielilile litdds may 
on the whole be regarded as fairly conservative. 


TABLE VIll 

Averagk Cost (ter Long Ton) of pRoiu’dNG Fioktua PnHin.r. Fitosimiate 

lOK iitL Market 


Items 

t'u.sl per Long Ton 

Overburden removal ♦ 

Dollars 

.50 

.75 

.10 

.50 

.15 

.25 

.10 

.15 

2.50 

Mining and washing * 

Hauling and storing 

Drying* * 

Depreciation 

Maintenance 

Insurance and taxes 

Interest at 6 per cent 

Total t 



* Including labor and power, 
t Exclusive of overhead charges. 
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The soft phosphate of Florida occurs chiefly in the hard rock 
regions usually associated with the latter material, although the pebble 
phosphate deposits also contain appreciable quantities. This type of 
phosphate is, as its name implies, a plastic claylike substance when wet 
but can be readily disintegrated to a fine powder when dry. It is very 
high in alumina and therefore cannot be used in the manufacture of 
ordinary acid phosphate where the presence of this compound causes 
retrogression and gives the final product undesirable physical proper- 
ties. Efforts have been made, however, to separate the soft phosphate 
from the other materials with which it occurs and dry and grind the 
product for direct application to the field. The material is in a very 
fine state of division and has, as a rule, a considerably greater solubility 
in certain conventional media designed to approximate the availability 
of phosphate materials under soil conditions. The expense of mining, 
separating and drying soft i)hosphate, however, is so great that the mate- 
rial must be sold at a price which discourages its general use, particu- 
larly since its agricultural value has not been proven beyond question. 
As placed U])on the market soft phosphate contains approximately 25 
])cr cent of phosphoric acid (P 2 O 6 ). 

The production, marketed output, domestic consumption and expor- 
tation of Florida phosphate for the past 10 years are given in Table IX. 


TABLE IX 

SrAiiSTUs OF Fi^rtda Phosphate* 


(In long tons) 


Year 

Production 

Total 

Ship- 

ments 

Domestic 

Consign- 

ment 

Exports 

Soft 

Phos- 

phate 

Hard 

Kock 

I’ebble 

Total 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923'* 

1924" 

17,736 

8,715 

13,953 

4,419 

446 

309,689 

42,962 

81,071 

93,339 

42,840 

101,300 

400,249 

175,774 

121,485 

199,516 

143,115 

1,787,597 

1,368,282 

1.601,061 

2,016,462 

2,141,950 

1,159,419 

2,955,182 

1,599,835 

1,895,415 

2,348,137 

2,289,466 

2,138,891 

1,411.244 

1,682,132 

2,109,801 

2,202,526 

1,269,434 

3,369,384 

1,780,028 

2,017,346 

2,547,653 

2,432,581 


1,130,764 

1,209,898 

1,158,052 

1,317,270 

1,963,524 

1,944,894 

977,560 

2,317,180 

1,053,009 

1,711,395 

928,993 
253,192 
203,435 
, 133,146 
' 122,336 
362,402 
1,038,251 
727,019 
574,951 
836,258 


U. S. Geol. Surv. ** Marketed production. 
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Tennessee. 

The phosphate deposits in this country which rank next to Florida 
in commercial importance are those of Tennessee. Much work has been 
done in these fields and numerous valuable historical, geological reports 
and technical articles published.^® A brief description of these deposits, 
their mode of occurrence and the systems of mining employed are given 
below, however, in order to show their economic relation to industries 
wherein this mineral is employed as a raw material ; moreover the de- 
velopment of other processes of producing phosphoric acid makes pt 
appear that the Tennessee phosphate fields will probably be the seat qf 
profound changes in future fertilizer practice. 

Tennessee is well situated for the distribution of fertilizer material 
to the southern and middle western states. Its phosphate deposits occur 
in what is known as the Central Basin of Tennessee (elevation 6CX) feet)\ 
and in the valleys of the western part of the Highland Rim (elevation 

1.000 feet) surrounding this basin. The area covers approximately 

7.000 square miles of gently undulating country but the phosphate de- 
posits have been developed only in the western part of this area. The 
mines which are at present productive lie chiefly in Lewis, Maury, 
Hickman and Giles Counties, but deposits have also been mined in^ 
Davidson, Williamson, Perry and Decatur Counties. The main streams* 
in the phosphate region are the Cumberland, Duck and Tennessee 
Rivers, but there arc numerous creeks and tributaries of the Duck 

"For the history, geology, and description of the Tennessee phosphates sec: 
Hayes, C. W., 16th Annual Kcp. U. S. Geol. Survey, pt. 4, pp. 6l()-o3o (1895) ; 
17th Ann. Report (1896), pt. 2; 21st Ann. Rpt. (1901), pt. 3, 0. S. Geol. Survey; 
Folios No. 90 (1903) and 95 (1903), U. S. Geol. Survey, Menimingcr, C. G., 
16th Annual Report, U. S. Geol. Survey, pp. 631-635 (1895) ; Mineral Resources, 
U. S. Geol. Survey (1894-1921); Branner, J. C, The I’hosphate Deposits of 
Tennessee, Trans. Amer. Inst. Mining Eng., Vol. 26 (1896) , Eckel. B , Bull. 213, 
U. S. Geol. Survey (1903); Brown, L. P, Phosphate Deposits of the Southern 
States, Eng. Assoc, of the South Proc , 15, No. 2 (1904), Blown, L. P., The 
Phosphate Deposits of Continental N. America, 8th Int Congress of Applied 
Chemistry, 26, pp. 87-113 (1912) ; Waggaman, W. H., Bull, 81, Bureau of Soils 
Maynard, T. P., White Rock Phosphates of Decatur Co , Resources of 
isee, 3 , pp. 161-169 (1913) ; Hook, J. S., Brown and Blue l*hosphate De- 
posits of S. Central Tenn., Resources of Tenn, 4 , pp 51-56 (1914) ; Hook. J. S., 
The White Phosphates of Tennessee, Resources of Tcnji., 5 , pp 23-33 (1915) ; 
Watkins, *J. H., Phosphate Rock in Johnson County, Tennessee, Mining & Eng. 
World, p. 217, Aug. 7 (1915); Jenkins, O. P, Phosphates and Dolomites of 
Johnson Co., Tenn., Resources of Tenn., 6, pp 51-106 (1916); Phalen, W. C., 
The Conservation of Phosphate Rock in Tennessee, Resources of Tennessee, 6, 
pp. 193-216 (1916); Barr, J. A., Use of Low Grade Phosphates, Bull. Amer. 
Inst. Mining Eng., Vol. 54, pp. 474-476 (1916) ; Mansfield, (j. R., Phosphate 
Resources of the U. S., pp. 16-19 (1917); Smith, R W., Mining and Washing 
Phosphate Rock in Tennessee, Eng. & Mining Jour. Press, Vol. 115, No. 5, pp. 
*221-226 (1923) ; Smith, R. W., Geology and Utilization of Tennessee Phosphate 
Rock, Trans, of Amer. Inst. Mining & Met. Engrs., Sept. (1924). 
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Riv^r that are of coosMerahle importance ais siburces of water supply 
lor mining and handling the rock. The phosphate area i$ served 
three railroads affording excellent transportation facilities to the south 
east and middle west. 

There are three economically important types of phosphate rock ir 
Tennessee, namely, the brown, the blue and the white phosphate. The 
last mentioned type, however, is not being mined at present owing to its 
irregular occurrence and the pockety nature of the deposits. 

Brown Rock Phosphate . — ^All of the Tennessee brown rock phos- 
phate occurs in rocks of Ordovician Age but there are numerous phos- 
phate horizons in this series which frequently occur so close together 
that they may be mined as a single bed. According to Hayes and 
Ulrich the stratagraphic succession of these phosphate bearing forma- 
tions are as follows : (Table X.) 


TABLE X 

Geologic Formations in West-Central Tennessee Which Carry 
Brown Rock Phosphate 


Age 

Formation 

County Where Found 

Gfdovic'au * 

' Leipers formation 
Catheys formation 
♦ 

Lewis, Hickman, Summer 
Maury, Hickman (unimportant) 


Bigby limestone 
Hermitage formation 

Maury, Giles 

Maury, Williamson, Davidson 


♦ According to R. W. Smith of the Tennessee Geological Survey, a formation 
known as the Cannon occurs between the Bigby and the Catheys formations 
which has given rise to several important phosphate deposits in Williamson and 
Davidson Counties. 

The deposits of brown rock phosphate are generally conceded to be ' 
formed from phospliatic limestones by the leaching out of the more 
soluble carbonate of lime, the removal of the latter compound being 
attended by a diminution in thickness and a consequent settling of the 
phosphatic strata. Some secondary deposition has also taken place in 
the pores of the leached mother rock. 

Two distinct forms of deposits have been recognized, namely, collar 
and blanket deposits. The first type occurs where the horizontal phos- 
phatic limestone stratum outcrops on the slope of a steep hill. Under 
these conditions the parent rock has been leached only at the outcrop, 
the main stratum being protected from the action of percolating waters 
by the heavy overburden of more recent formations. This class of de-' 
posit has proved very deceptive in mining operations since the grade 
falls off rapidly as the stratum is followed into the hill. The blanket 

” Columbia Folio No. 95, U. S. Geol. Survey (1903). 
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deposits on the other hand sometimes cover wide areas and Usually lie 
near the surface of gently undulating hills where the underdrainage has 
been favorable to the leaching action of percolating waters. Almost 
ideal conditions exist in the Mt. Tleasant region (Maury County) for 
the formation of such deposits. The brown rock phosphate varies in 
color from a light gray to a deep chocolate brown and in texture from 
a porous rock disintegrating into phosphatic sand to a hard close grained 
rock quite resistant to weathering. On the average, however, the rock 
consists of brown or gray plates which form beds ranging in thickness 
from a few inches to 20 or 30 feet with an a\crage of 6 to 8 fefet. 
While the overburden also varies considerably from place to place there 
are few mines where the thickness is so great as to preclude its removW 
by steam shovel, drag line or hydraulic means. \ 

For a number of years after the discovery of these deposits the 
mining methods employed were very crude and w^asleful, no attempt 
being made to recover anything but the lump or jdatc rc'ck, but during 
the last decade great advances have been made in the mining and han- 
dling of the brown rock phosphate and a far greater efficiency thus 
attained. 

Under present conditions the overburden is first strip] led by means 
of the steam shovel, drag line, scrapers, or hydraulic means and the 
phosphate strata thus exiiosed are mined meehaiiically although a little* 
over one-third of the total is still jirodiiced by hand methods. The 
lump rock and fines are loaded into tram cars and hauled to th(‘ washer 
plants which are somewhat similar to those cmi)loyed in the Florida 
phosjdiatc fields. A flow sheet of a ty])ical w^asher plant as furnished 
by Mr. James A. Farr of Mt. Pleasant, Tenn., is shown in Figure 10. 
The crude phosphate containing various impurities is first crushed and 
then proceeds to rock w\ashers or rotating cylinders with shells that lift 
the material and then drop it with the object of lireaking uj) the mud 
balls and so agitating the material that the fine clay and sand arc sus- 
])en(Ied in water which is furnished to the logs or cylinders in large 
quantities. The w'ater carrying this finer material in suspension goes 
to the fine sand recovery apparatus while the coarser settled material is 
discharged into some form of classifier, usually a trommel. The over- 
size froqj the classifier is then run upon a picking belt where chert, 
limestone and mud balls are removed by hand. The undersize from the 
classifier goes to the sand recovery aj)paratus. This latter cquii>ment 
consists of a series of inverted pyramids (Allen cones), cylindrical jet 
washers or a combination of these washing devices. The clay and the 
finer sand are carried away by the overflow to the fine sand recovery 
apparatus while the heavier sand settles to the bottom of the vessels, 
where a jet of clean water carries it up through a i)ipe to the next tank 
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where it is further cleansed. Finally, the material is conveyed to some 
dewatering device such as Dorr classifiers, Allen dewatering cones or 
plain drag classifiers. The underflow from this goes to the wet storage 
pile. The equipment for the treatment of the very fine sand consists 
of more Allen cones or Dorr thickeners. The overflow from the treat- 
ment of the very fine particles of phosphate is discharged into the set- 
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Fig 10- Flow Sheet of Tennessee Phosphate Washer 


tling ponds while the undeiflow goes to dewatering devices* where it 
receives further cleansing and is finally taken up hy conveyers and 
placed in wet storage Nearlj all of the brown phosphate rock pro- 
duced today is dried in rotary kilns similar to those used in the h'lorida 
pebble fields, hut a small tonnage of lump rock is still cither sun dried, 
or piled on ricks of wood in open sheds and the burning conducted by 
the method used in the old pioneer days of this industry. 

Most of the brown rock phosi^iate mined in Tennessee is disposed of 
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in this country and while the better grades of material wiir*sha|yie 9 $‘ 
high as 78 per cent tricalfcium phosphate the average grade is abotJit 72 ' 
per cent with 5 per cent combined oxides of iron and aluminum. Some ^ 
of the lower grades analyzing 60 per cent tricalcium phosphate and con-, 
'taining relatively large amounts of iron and aluminum oxides are very 
finely ground and sold for direct application to the soil. 

While the efficient mining of brown rock phosphate involves the out- 
lay of considerable capital, the percentage of recovery by the use of 
modern mechanical equipment is so much greater than it was in the 
former days when the value of the phosphate sand was unknown or 
Unappreciated, that tlie cost of production has been maintained at la 
relatively low figure. Moreover, were it not for this meclianical equipV 
ment the Tennessee brown phosphate fields must have been largely 
abandoned by this time owing to the exhaustion of the bulk of the high' 
grade lump rock. While the present cost of production varies consider- 
ably from place to place, being effected very greatly by the amount and 
character of the overburden as well as the thickness and richness of the 
deposits, the following figures (Table XI) may be regarded as conserva- 
tive and roughly approximating the average cost ])er long Ion of pro- 
ducing this material : 


TABLE XI 

Average Cost (ter Long Ton) of Proj)U(ing Tennessee Brown 
R(h.k Phosphate 


Items 

C ost per Long Ton 

Labor * 

Dollars 

1.50 

Drying rock (fuel) 

.40 

Depreciation on land 

.50 

Depreciation on plant 

.25 

Power (electric or steam) 

.50 

Shipping 

.10 

Maintenance 

.45 

Taxes and insurance 

.10 

Interest at 6 per cent 

.15 

Total t 

3.95 


* Includes labor for mining, washing, drying and storiiig. 
t Exclusive of overhead charges. 


R. W. Smith gives the following brief but clear description of the 
method employed in prospecting for brown phosphate rock : 

''Because of the irregular character of the brown phosphate deposits, 
careful prospecting is necessary before development. The area to be 

* Geology and Utilization of Tcnncs.scc Phosphate Rock, Trans, of American 
Institute of Mining and Met. Engineers, Sept., 1923. 
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prospectiKj is laid off in SO-feet or 100-feet squares, and at the intern 
section of each square a hole is put down to the limestone by means 
of a post-hole auger. By examining the material brought up, the thidc-, 
ness of the over-burden and of the phosphate is determined. The saiA- 
pie of phosphate thus obtained is washed in as many changes of water 
as seems necessary to approximate the conditions of a phosphate washer 
and, after drying, is analyzed. At certain determined places in the 
phosphate area thus blocked out, pits are sunk to the bottom of the 
phosphate. From each pit, a sample 1 ft. square and the thickness of 
the entire phosphate layer is taken. This is washed in tubs, approxw 
mating as nearly as possible the conditions of a phosphate washer, and 
the resulting washed phosphate is weighed. The weight divided by thd 
thickness will give the recovery per cubic foot. The average recovery 
per cubic foot multiplied by the area, in square feet, underlain by com- 
mercial phosphate multiplied by the average thickness of the phosphate 
in this area, all divided by 2,240 lbs , will give the tonnage of phosphate 
that may be recoveied from the area.’' 

The mechanical han<lling and washing of Tennessee brown phos-» 
phate has reached such a high degree of efficiency that it is hard to con-^ 
ceive how it may be improved. In spite of exercise of the greatest 
care, however, and the saving of very fine phosphate sands, the Wash 
waters carry away large quantities of this mineral in suspension. It is 
generally conceded, therefore, that an absolute sharp separation of the 
phosphate from the matrix cannot be effected by mechanical devices and 
this has led to investigations of chemical methods and heat processes 
wheieby a fuller utilization of the phosphoric acid in these natural de- 
posits might be effected The work which has been conducted on the 
run-of-minc phosphates fiom the brown rock area is discussed in detail 
further on in this publication. 

Blue Phosphate. The important deposits of blue rock or Devonian 
phosphate in Tennessee lie along I eatherwood Creek in the western part 
of Maury County, south and east of Centerville on both sides of Swan 
Creek in IJickuiaii County and in the eastern part of Lewis County 
near the village of Gordonsburg. The most important mines now being 
exploited are in Hickman and Lewis Counties. The blue phosphate, 
according to Hayes and Ulrich, is a conglomerate deposit , derived in 
part from the underlying Ordovician limestone and partly from the re- 
mains of marine life which were more highly phosphatic than* those of 
the Ordovician period, and consequently the deposits required little or 
no subsequent leaching to make them of economic value. This type 
of phosphate occurs in distinct strata which are blue, black or gray in 
.color and range in texture from hard massive close grained rock to 

** Loc. -cit. 
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coarsely oolitic material which is rather readily broken up. In general 
the phosphate bearing formation may be described as a bluish gray rock 
composed of flattened ovules and the water worn casts of phosphatic 
shells which weathers on exposure to a rusty yellow. The thickness of 
the beds vary from a few inches to 4 feet, but any stratum less than 18 
inches in thickness is hardly considered worth mining. The phosphate 
stratum is overlain by a massive blue black shale or slate 3 feel or more 

TABLE XII 


Analyses and Dlscriptions o? Phospumi Bpds irom Locaiitifs Whcre th 
Blue or Devonian Kock Djrfcily (Aeriils i he J^Ro^\ n or Orjjomcia: 
Phosphate 


Sample 

Location 

Thick- 

IKSS of 
Strata 

Desciiplion 

Analyses 

No 


Caj( PCL) 2 

68 

Mine 6 miles S E. 
of Centerville, 
Tenn 

0' 9" 

Coarse haul blue loik 

24 80 

54 20 

69 

u 

0 ' r 

Fine gi .lined bine loek 

27'>] 

60 99 

70 

it 

2' 6" 

Coarse oolitic gray lock 

IS 79 

78 21 

60 

Mine 8 miles east 
of Centerville, 
Tenn 

r 3'' 

Close grained haid blue 
rock 

25 2S 

5518 

61 


0' 8" 

Brown disintci^iatcd pbos 
phatc 

32 9S 

72 01 

66 

(I 

r 6" 

C oarsc fKjlitic blue lock 

12 40 

70 82 

71 

Mine 2 miles south 
of Centeivillc, 
Tenn 

rs" 

Fine I'ranud bard bine 
lock 

26 44 

57 79 

72 

« 

r 2" 

Fine grained baid blue 
roek 

36 66 

80 11 

* 


.... 

Blown pbospbatc 


.... 


* No sample collected 


in thickness and it is, therefore, generally necessary-to use underground 
methods of mining. Mam tunnels aie driven from the surface into the 
phosphate and at legulai intenals rooms about 25 to 50 feet in width 
are turned off at light angles lea\ing pillais for the sui)])ort of the 
overlying formations. vSnue the blue shale or slate diiedly o\erlying 
the phosphate forms as a rule an excellent roof no gieat amount of tim- 
bering is required in these mines. Practically all of this rock is mined 
by drilling, and blasting, the slabs or lumps being subsequently broken 
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up by sledges and loaded by pick or shovel. While this type of phos- 
phate requires no washing and is by no means as porous as the brown 
rock phosphate, it contains comparatively little moisture and some 
miners do not consider it essential to dry the material. Where the 
moisture content is appreciable, however, it is dried either on ricks of 
wood or in rotary kilns. Although some specimens of blue rock phos- 
phate run as high as 78 to 80 per cent bone phosphate of lime the aver- 
age grade of the rock is not usually more than 68 per cent. The iron 
and aluminum present may or may not be higher than that in the average 



Pio 11 Phosphate Mining in Tennessee A. Dragline Used for Removing Over- 
burden from Deposits of Brown Rock Phosphate 


grade of the brown rock ])hosphate. I'he cost of producing this type 
of phosi)hatc is not far fiom that of extracting a marketable grade of 
brown rock, for though the phosphate strata aie usually considerably 
thinner than the beds of brown phosphate, no costly washing equip- 
ment is requited and a clean separation of the phosphate from the 
underlying and overlying formations can be more readily effected. 

In a number of localities an unconformity exists, which brings the 
Devonian or blue i)h()si>hale directly over the brown or Ordovician 
rock. I Inder these conditions mining may be conducted quite profitably. 

The analyses of some typical sections of phosjihale from areas where 
such conditions occur are given in Table XII. 

The White Phosphates — The white phosphates of Tennessee so far 
exploited occur in Perry and Decatur C'ountics on both sides of the 
Tennessee River. These phosphates arc all of secondary origin and ate 
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divided by Hayes into three classes, namely, the stony, breccia and 
lamellar varieties, the last mentioned is the richest and apparently the 
most plentiful. Much of the white phosphate of Tennessee resembles 
the hard rock phosphate of Florida, and occurs in irregular pockets 
along with clay and other foreign material. The breccia variety consists 
of ^chert fragments imbedded in a matrix of high grade phosphate, 
vyhile the stony phosphate consists of silicious skeletons formerly filled 
with carbonate of lime, but now containing phosphate. Both of these 
varieties must be separated from the associated cheit in order to yield 



Fig 12. — Cantilever Mining Machine for Handling Brown Rock Phosphate and 
Matrix After the Overburden lias Been Stiippcd 

a coi^imercial product, and up to the present the cost of effecting such 
a separation has been considered too great to warrant the exploitation 
of these two varieties of white phosphate. The lamellar variety of 
white phosphate, however, is a very high grade material — occurring in 
plates of various thickness, which are frequently cemented together 
forming large bowlders. The rock as a whole is close grained, very 
hard, and often coated with a thin lustrous layer of precipitated phos- 
phate. Picked samples of the lamellar phosidiate may contain as high 
as 85 to 90 per cent bone phosphate of lime and it has been mined in 
carload lots containing from 72 to 78 per cent of this ingredient. 

While no development work is being conducted in the white phos- 
phate fields at the present time, the rock was formerly mined by both 

"Mineral Resources, U S Gcol Survey, part 4, pp 623-630 (1894-1895); 
Ann. Report, TJ. S Geol Survey (1899-1900), part III, pp. 484-485; Ann. Report, 
U. S. Gcol. Survey, Part 11, pp. 236-250 (1895-1896). 
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Fic, 13— Preparing Tennessee Brown Rock for the Market Dumping the Phos- 
phate and Matiix into “Skips'* Preparatory to Washing the Rock. 



Fia 14.— A Modern Tennessee Phosphate Washer and Drying Plant. 


open cut and by tunnelling. The former method was employed wherever 
the character and depth of the overburden would permit, but the over- 
load was frequently so heavy as to render its removal impracticable and 
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under these conditions tunnelling was resorted to. Owing to the loose 
character of the overlying clay, extensive timbering was required, which 
added considerable to the cost of production. 

On account of the uncertain character of these deposits, the careful 
prospecting necessary in order to determine their value and extent, and 
a number of other factors which tend to make mining operations costly, 
the exploitation of the Tennessee white phosphates ceased in 1908. 
Spasmodic efforts have been made to revive this industry, but it seems 
doubtful if the development of this class of rock will he again taken up 
until the large, accessible and more uniform beds of high grade Tenl- 
nessee brown and blue phosphate have bt‘come depleted. 

Views of mining operations in the Tennessee jihosphate fields are^ 
shown in Figures 11, 12, 13 and 14. 


Utah, Idaho, Wyoming and Montana. 

The most extensive phosphate deposits yet discovered occur in the 
western part of the United States, and underlie immense areas in south- 
east Idaho, western Wyoming, northern Ihah, and western Montana. 
The deposits have been mined and developed to a limited extent in 
southeast Idaho, near the little towns of Soda wSi)rings, (icorgetown 
and Montpelier on the Oregon Short TJne Railroad ; near Paris, Idaho, 
several miles distant from the same railroad ; along the west front of 
the Sublette Mountain Range, near Rorder Station on the Idaho- 
Wyoniing border; at the south end of the same mountain range about 
one and one-half miles from Uokeville, Wyoming, which is also on the 
Oregon Short Line Railroad ; in southwest Wyoming, and in Northern 
Utah along the western front of the Crawford Mountains, about 6 miles 
from Sage Station, Wyoming. Very little development has been done 
in Montana but the phosphate has been recognized near Melrose, Mon- 
tana, a town on the Clregon Short Line Railroad, and also at Garrison, 
Phillipsburg, and C ardwell on the Northern Pacific Railroad from 40 
to 70 miles north of Melrose. 

The geology, to|X)graphic features and economic possibilities of the 
western phos])hates have been ably described and discussed by a num- 
ber of investigators®^ so only a brief summary oL these deposits is 
given below. 

“For the history, geology, and description of the Western Phosphates, see: 
Weeks, F. B., and Fcirier, W V. Bull. 315, U S (k-ol .Survey, pp. 449-462 
(1907) ; Weeks, 1'. B., Bull. 340, IT S. Geol. Suivev, pp 441-447 (1908) ; (nrty, 
G. II., Bull. 436, U. S. Geol. Survey (1910) ; Gale, il S, and Richards, R. W., 
Bull. 430. pp. 457-535 (1910); Waggatnan, W. II., Bull. 69, Bureau of Soils 
(1910) : Blackwclder, E., Bull. 430, IT. S. Geol. Survey (1910) ; Blackweldcr, E., 
Btlll. 470, U. S. Geol Survey, i)p. 452-481 (1911) ; Richards, R. W., and Mans- 
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The Western phosphates are generally regarded as original sedi- 
mentary deposits laid down when that portion of the earth’s surface 
was submerged in water. The phosphate is of Carboniferous age and 
occurs in both Mississippiaii and Permian rocks but the deposits in the 
latter formation have so far proven to be of the greatest commercial 
importance. 

The topography of much of this area is extremely rugged, the phos- 
phate and associated strata being folded, faulted and sul)jectcd to in- 
tense erosion. As Mansfield states, however, the phosphate owes its 
exposure to these disturbing and erosive processes, for otherwise it 
would be buried by the accumulations of later sediments. 

These phosj)hates are quite distinct in their mode of occurrence and 
physical properties from those found in Florida or South Carolina and 
quite unlike tlie Prown rock deposits of Tennessee. I'hey more nearly 
resemble the so-called blue jihosfjhate of the last mentioned state though 
the beds are much thicker. 1 "he deposits on the whole consist of gray 
to black rock \arying considerably in hardness and ranging from fine 
grained to coarsely colitic in texture. 'J'he richer beds arc from 2 to 6 
feet in thickness and contain from 65 to 75 per cent of bone phosphate 
of lime and less than 3 per cent of the combined oxides of iron and 
aluminum. The better beds of phosphate are interstratified with lime- 
stones and shales which have as yet been regarded as of little commer- 
cial significance though some of them contain relatively high percent- 
ages of P 2 O 5 . 

The following (Table Xlllj is a complete section of phosphate 
bearing strata which was ex^xised in (jeorgetown C’anyon, Idaho, and 
sampled and analyzed by the author.^^’ 

field, C;. K., Hull 470, U. S. Geol. Survey, pp. 37F43y (1911) ; Gale, H. S., Bull, 
470, U. S. (n‘oI. Survey, pp. 440-451 (1911); Richter, A., A Western Phosphate 
Discovery, Mines and Minerals, Vol. 2, No. 9, p 207 (1911); Brown, L. P., 
Phosphate Deposits of Gontmental N, America, 8th Iiit. (Jongress of Applied 

Chem , 26 (1912) ; Shult/, A. R., and Richards, R. W., Bull. 530, U. S. Geol. 

Survey, pp 207-281 (1913) ; Pardee, J, T., Bull. 530, LI. S. Geol. Survey, pp. 
285-291 (1913); Richards, R. W., and Mansfield, G. R., Bull. 577, U. S. Geol. 

Survey (1914), Sliultz, A R„ Bull. 543, U. S. Geol. Survey, pp. 131-134 

(1914) ; Jones, C\ C, A New Phosphate Field in the U S., Trans. Amcr. Inst. 
Min. Engr., 47, pp. 192-216 (1914) ; Stone, R. W., and Boninc, ('. A., Bull. 580, 
U. S. Geol. Survey, pp. 373-383 (1914) ; Mansfield, G. R., Bull. 620, IJ. S. Geol. 
Survey, pp. 331-349 (1910); Mansfield, G. R., The Phosphate Resources of the 
United States, Second Pan American Scientific Congress, Washington, U. S. A., 
pp. 21-36 (1917); Schultz, A. R., Bull. 680, U. S. Geol. Survey (1918); Mans- 
field, G. R., Origin of the Western Phosphates, Amer. Jour, of Sci., 46, pp. 
591-598 (1918) ; Mansfield, G. R., Bull. 713, U. S. Geol. Survey (1920), 

“The Phosphate Resources of the United States, Second Pan American Scien- 
tific (Congress, p. 23 (1917). 

"Waggaman, W. H., A Review of the Phosphate Fields of Idaho. Utah and 
Wyoming, Bull. 69, Bureau of Soils, U. S. Dept, of Agriculture (191()). 
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TABLE XIH 

Section of Basal Portion of Phosphoria Fobmaiion in Georgetown Canyo? 
(SE. NW. Sec. 30, T. 10 S., R. 45 E. of the Boise Meridian), Idaho 

(Land lines theoretical) 



144- A Shale, calcareous, or muddy limestone, 
brown, weatheiing into irregular chip 

fragments, effervesces vigorously 

t44-B Phosphate rock, cxilitic, weathering 
brown or gray; effeivcsccs slightly, 

lower inches somewhat cherty 

144-C Shale, hard, brown, calcareous at the 


144-U Phosphate rock, coarsely oolitic, gray, 

effervesces vigorously 

144-E Shale, brownish, earthy, containing 6 
mches of phosphate, effervesces con- 
siderably 

144-F Phosphate rock, including — Ft. In. 

Phosphate rock, oolitic, hard, 

gray, calcareous 7 

Phosphate rock, medium, gra>, 

oolitic 

Shale, phosphatic, light blown .. 
(Sample shows considerable ef- 
fervescence ) 

144-G Phosphate rock, including — 

I’hosphate rock, coarsely oolitic, 

gray, brittle 1 2 

Phosphate rock, finely oolitic, 

brownish gray 41 

Phosphate rock, coarsely oolitic, 

dark gray 

Phosphate rock, finely oolitic, 

brownish gray . 

Phosphate rock, coarsely oolitic, 

gray .. ... 

Phosphate rock, finely oolitic, thin 

bedded 

Phosphate rock, coarsely oolitic, 

gray 1 4 

• (Sample effervesces slightly ) 

144-H Phosphate rock, including — 

Phosphate rock, medium to finely 
oolitic, brownish gray . . 7 

Shale, phosphatic, brownish, some- 
what oolitic 10 

Phosphate rock, coarsely oolitic. 
Phosphate rock, shaly blown 


PjOsfl 

Equiva- 
lent to 
Ca4(P04), 

Thick- 

ness 

Per Gent 

Per Cent 

Ft. In. 

3.5 

7.7 

25 6 

35 8 

78.4 

6 

Trace 

— 

1 

37 6 

82 1 

2 11 

10 0 

21 9 

1 0 

219 

48 0 

1 5 

33 3 

72 7 

4 2 

29 3 

65 3 

1 10 





ifieldNo. 

of 

specimen 

144-1 


144-K 

144-L 

144-M 


144-N 

144-0 


144-P 

H4-Q 

144-R 

144-S 

144-T 
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TABLE Xfll — {Cmtinucd) 


Phosphate rock, including — 


Phosphate lock, coarsely oolitic, 

brownish-black streaks 1 1 

Phosphate rock, shale, brown, thin 

bedded 5 

Phosphate rock, coarsely oolitic, 

crumbly 4 

Phosphate rock, medium to 

coarsely oolitic 3 

( Sample effervesces consider- 
ably.) 


Shale, brownish to black, earthy coinpo 
sition, thin bedded, with a few lime- 
stone lenses, effervesces slightly 

Limestone, dark, compact, fetid 

Shale, brownish to black, earthy; ef- 
fervesces slightly 

Shale, including — Ft. In 

Shale, brownish black, earthy... 7 
Concealed, not included in sam- 
ple (probably same as bed just 

above and below) 4 7 

Shale, brownish black, earthy... 5 5 
Shale, black, earthy; effervesces slightly 
Shale, biowiiish black, earthy... . 4 
Limestone, single stratum (not 

sampled ) .... 2 

Shale, brownish black, earthy ... 4 
Limestone, single stratum (not 

sampled ) 2 

Shale, black and dark brown, calcareous, 
earthy , effervesces considerably . . 
Shale, black and dark brown, calcareous, 
eartliy, effervesces considerably 
Limestone, shaly, brownish gray, ef- 
fervesces vigorously 

Limestone, single stratum 

Limestone (“cap lime”), fine, dark gray, 

fossiliferous 

Phosphate rock, main bed prospected, 
coarse to medium, oolitic, gray; con- 
tains two or more minor streaks of 
shaly material ; effervesces slightlv . . . 
Shale, brown, earthy ; effervesces slightly 
Limestone, massive, underlying the phos- 
phatic series. Thickness not deter- 
mined. 


P.0.0 

lilquiva- 

lentto 

Ca.(P04), 

Thick- 

ness 

Per Cent 

Per Cent 

Ft. In. 

34 7 

75 8 

4 10 

24 2 

53.0 

8 

9 

.. . 

•• 

1 

9 

117 

25 0 

12 

0 

15 1 

33 1 

17 

0 

19 9 

' 

43 6 

12 

0 

> 212 

46 4 

12 

0 

25 8 

56 3 

6 

2 

24 6 

53 9 

12 

0 

17 8 

39 0 

4 10 

11 

.... 

.... 

2 

3 

36 8 

37 

80 4 

81 

6 4 

9 

139 11 
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From the data given in Table XIII, one can form some idea of the 
immense tonnages of low and medium grade phosphate contained in the 
western field, particularly when we consider that the quality of avail- 
able high grade phosphate rock (65 per cent or better) is estimated at 
over 5,000,000,000 tons. But unless some method is employed other 
than that of treating the rock with sulphuric acid much of the lower 
grade material will be wasted since it is too high in calcium carbonate 
or iron and aluminum for the manufacture of acid phosphate and under 
present mining practice is discarded and lost when the higher gradp 
strata have been removed. 

The nature and occurience ol the western phosphates arc such that 
they are mined (as a rule) by underground methods which are someA 
what costly because of the timber required in the tunnels or drifts. But' 
on the other hand, the rock being m bedded deixisits and fairly free 
from moisture may be shipped directly without the necessity of washing 
or drying. 

The great distance of the western phosphate area from the fertilizer 
market has so far pre^ented the extensive development of these deposits. 
It is only a question of time, however, before the demand for feitilizers 
will extend to the immense areas of agricultural land west of the JMis- 
sissip])i Ri\er and when this time arrives the western phosphates will 
be actively exploited. While a small tonnage is finely ground and used 
for direct application to the soil in certain citrus fruit sections of Cali- 
fornia, the most promising method of marketing the western phosphates 
so far employed is that practiced b> a large copi>er smelter in Montana 
which has an immense potential production of sulfuric acid. This acid 
being a by-product from the roasting of sulfide ores can be manu- 
factured at a low cost and used for making double superphosphate 
which contains from 40 to 45 per cent of k, as against 16 to 18 
per cent of IkOr, in the ordinary acid phosphate of commerce. A 
product of this high concentration can stand the expense of the long 
freight hauls neces.sar^ to reach the fertilizer market. Probably an 
even more promising means of develoinng the western phosphates is the 
more general adoption of the jiyrol^tic or volatilization method of pro- 
ducing phostdioric acid. I'his piocess which may be carried on either 
in an electric or fuel fired furnace has the advantage of producing 
directly from medium or low grade rock relatively pure phosphoric acid 
of a high concentration. Since cheaj) coal is available in the western 
phosphate regions and there is every reason to cxi>ect further develop- 
ment of hydro-electric jxiwer, the pyrolytic process offers attractive 
possibilities. 
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South Carolina.^^ 

The phosphate area of South C'arolina lies along the coast in a belt 
which in places is fully 20 miles wide, extending from the Wando River 
in Charleston County to the Broad River in Beaufort County. The 
coast region as a whole is but little above tide level and is intersected 
with numerous creeks, rivers and arms of the sea, therefore the phos- 
phate area not only has excellent rail transportation facilities but large 
vessels can be loaded close to the mines and the phosphate shipped 
directly by water either to foreign ports or to Charleston where many 
fertilizer factories arc located. 

The South ( arolina phosphate dei)Osits were formerly classified 
under two heads, namely, “River Rock** and “Land Rock.** The former 
was at first the most easily and eagerly ex]>loited since it was dredged 
from the beds of streams and w?is fairly free from objectionable impuri- 
ties. When a satisfactory method of cleaning the Land Rock was de- 
vised these latter deposits were rapidly develoi)cd and the mining of 
River Rock finally abandoned. These two types of deposits, however, 
are composed of the same material, the River Rock being merely the 
Land Rock washed dow’ii and concentrated in the beds of streams. The 
South Carolina i>hosi)hates belong to the Tertiary Period and are de- 
rived caccording to Rogers from the Edisto Marl which is believed to 
be of Miocene Age. The rock occurs as bowlders, nodules and small 
pebbles imbedded in a matrix of sand and clay. These nodules or 
bowlders which range in color from light gray to black, are of medium 
hardness and are frequently much intted, the pits being filled with 
clay or other foreign material which must be removed by washing in 
order to obtain a product sufficiently high grade for acid treatment. 

tile liistrjry, c(colo8>, and description of the S. Carolina phosphates see: 
Holmes, F. S, S. Carolina Agriculturist (1844); Tourney, Geology of S. Caro- 
lina (1848); Piatt, N. A, Native Bone Phosphates of S. Carolina (1868); 
Holmes, F. S., Phosphate Rocks of S. Caiolina (1880) ; Shepard, C. U., South 
Carolina Phosphates (1880) , Moses, O. A., The Phosphate Deposits of S. Caro- 
lina, Mincial Resources, pp. 504-521, U. S. Gcol. Survey (1883) ; Penrose, A. F., 
Jr, Nature and Origin of Deposits of Phosphate of Lime, U. S. Geol. Survey, 
Hull. 46, pp. 60-70 (1888); Wyatt, F>ancis, Phosphates of America (187 pages) 
(18^B); Levat, Industrie dcs Phosphates et Superphosphates, pp. 83-90, Paris 
(1895); Miller, C' C. H , Florida, S. Carolina, and Canadian Phosphates, 223 
pages (1892); Wright, Carroll D., The Phosphate Industry of the U. S., 6th 
Special Report of the Commissioner of Labor. Washington, D. C., pp. 23-69 
(1893); Brown, L. P, I’hosphate Deposits of the Southern States, Eng. Assoc, 
of the South, Proc. 15, No. 2 (1904) ; Brown, L. P., The Phosphate Deposits of 
Continental N. America, 8th Tnt. ('ongress of Applied Chem, 26 (1912) ; Wagga- 
man, W. 11, Bull. 18, U. S. Dept. Agric. (1913) ; Rogers, G. S., The Phosphate 
Deposits of S. Carolina, Bull. .580 of U. S. Geol. Survey (1914) ; Mineral Re- 
sources, U. S. Geol. Survey (1890-1921) ; Mansfield, G. R., The Phosphate Re- 
sources of the U. S., pp. 6-8 (1917). 

“Loc. cit. 
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The washing process employed in separating the pliosphate from this 
foreign material is very similar to that used in the Florida Hard Rock 
fields. 

The South Carolina phosphate beds, however, have an average 
thickness of only about one foot and hence mining operations are con- 
siderably more cosily than in the Florida pebble fields where the deposits 
are in some instances 30 feet in thickness. On the other hand the 
recovery of rock per ton of material handled is as a rule, higher, and 
the losses of phosphate entailed in washing the South Carolina rock are 
not as great as in preparing Florida pebble for the market. After 
washing and drying the average grade of South C arohna rock is about 
61 per cent bone phosphate of lime with a low content of iron and 
aluminum oxides. 

These deposits were first exploited in 1868 and for many years 
furnished the bulk of our supply of phosphate rock and much of 
Europe’s. During the eaily development of these fields some of the 
rock was finely ground and sold for direct application to the soil but 
practically all the lock produced in the past thiity yeat^ has been con- 
sumed in the manufacture of acid phosiihate or double suixn phosphate, 
a product which is desenbed in detail in a substejuent ihajiter 

Until recent years there was still a demand for South Carolina 
phosphate by certain foreign consumers who were familiar with its 
acidulation and had found that it gave a veiy satisfactory product. 
Much of the foreign demand for mineral jihosphates is now being 
supplied, however, from the phosphate deposits of northern Africa. 

The peak of production in South Carolina was reached m 1893 
when 618,569 tons of phosphate rock were marketed, but since that 
date the output has gradually declined due chiefly to the discovery and 
development of the higher grade and more cheaply mined jihosphate 
deposits of Florida and Tennessee. In 1921, owing to the depressed 
condition of the fertilizer industry, mining ojierations in South Carolina 
ceawSed entirely and in 1922 only 1,500 tons were marketed. 

Contrary to general opinion, however, the phosphates of South 
Carolina are far from exhausted, and since there is considerable capital 
invested in mining and washing equipment in this field there is every 
reason to expect that mining operations will be resnmi'd when market 
conditions improve. The quantity of niinable phosphate still remaining 
in South Carolina has been variously estimated at from 9,000,000 to 
11,000,000 long tons.-® 

” Phalcn, W C , The C’onscrvation of Pho«»phate Rock in the United States, 
Second Pan American Scientific Congress (Dec, 1915) ;^WagRaman, W. II , The 
Reserve Supply of Phosphate Rock in the United .States, J Ind & Kng. Chem., 
Vol. 6, p. 464 (1914). 
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Kentucky Phosphate.^^ 

The phosphatic nature of certain limestones in Kentucky was first 
recognized in 1877 by Dr. Robert Peter, chemist of the Kentucky 
Geological Survey. This author described a thin layer of highly phos- 
phatic limestone occurring in the “Lower Silurian” (Ordovician) near 
Lexington. The samples collected and analyzed, however. Indicated that 
the phosphate rock was too uncertain in its composition and too irregu- 
larly distributed among the poorer limestones to be of any great com- 
mercial value. 

Attention was again called to the presence of phosphate layers at 
the top of the so-called Trenton Limestone by A. M. Miller, as early 
as 1896 and again in 1904, when this geologist was engaged in some 
field work in Jessamine, Woodford and Franklin Counties. It was not 
until 1905, however, that active interest was taken in the Kentucky 
phosphate and actual development work was only begun five or six years 
later. 

The phosphate deposits of Kentucky have so far proven of rather 
limited value atid extent. Prospecting work has been carried on inter- 
mittently at various points of Fayette, Woodford, Scott and Jessamine 
Counties, but only in Woodford County has any quantity of the material 
been mined. The Kentucky phosphate region forms part of the great 
Cincinnati agricultural line extending from Nashville, Tennessee, in a 
northeasterly direction through Lexington County, almost to Cincinnati. 
South of this city it divides into two broad domes, one culminating 
near Nashville and the other in Jessamine County, Kentucky. The 
latter is known as the Jessamine Dome. All of the exposed rocks of 
these regions are of sedimentary origin and the arching of the strata 
took place so gradually that the horizontal position of the rocks is but 
little altered. 

The following description of the geological occurrence and origin 

•"Ky. Geol. Survey Chem. Analyses A (1877), pp. 65-66. 

“Peter, Robt., Ky. Geol Survey Chem Analyses A, Part 1 (1890), p. 246; 
Ky, Geol. Survey, Chem Analyses A (1877), pp 65-66; Waggaman, W. H., 
Report on the Natural Phosphates of Tennessee, Kentucky and Arkansas, Bull. 
81, Bureau of Soils, U. S. Dept, Agriculture (1912) , Gardner, James H., Rock 
Phosphate in Kentucky, Mines & Idinerals, Nov (1912), pp. 207-209; Miller, 
A. M., Geology of the Georgetown Quadrangle; Ky. Geol. Survey Series 4 , 
Vol. 1, part 1 (1913), pp 317-364, Foerste, A. E., The Phosphate Deposits in 
tjie Upper Trenton Limestones of Central Kentucky, Ky. (jeol. Survey series 4 , 
Vol. 1, part 1 (1913), pp. 391-439; Phalen, W. C., Phosphate Rocks in Central 
Kentucky, Ky. Geol. Survey (1915), 80 pages. 

“The Association of the Gastropod Genus Cyclora with Phosphate of Lime 
Deposits, Amer. Geologist, Vol. 17, pp. 74-76 (1896). 
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of tlie Kentucky phosphate is abstracted from the report of W. C. 
I’halen.'** 

'‘Tlic country rocks associated with the phosphate rock deposits are 
all limestones of different lithology and degrees of purity. They are 
all of marine origin and belong to the middle part of the Ordovician 
system ; their total thickness is approximately 330 feet. 

‘'The rock of Central Kentucky belongs entirely in a class known as 
brown phosphate, first so-called in middle Tennessee. It occurs as a 
distinctly laminated residual deposit, also as filling solution cavities or 
pockets in a more or less phosphatic limestone. The rock itself occuns 
in porous or loosely coherent plates, varying in thickness from the very 
thinnest up to those several inches thick. Usually the plates are sepA 
arated from each other liy lasers of loosely cemented or porous materiai 
consisting of phosphate rock in a fine state of division, mixed with more\ 
or less clay. There is also another form of brown rock, known as 
phosphate sand, some of which is veiy rich in calcium phosphate.'* 


TABLE XIV 

CoMPosiiioN (>i DiiiiRiM Types oi KiNncKY Piiosphatl 


Sample 

No. 

Location 

Desciiplion 

Anal> scs 




Ca.- 

(IH).). 

200 

Near Midway, Ky. 

Lii^ht j cllow, soft 

24 29 

17 18 

2134 

4()7l 

201 

it tt (4 

Daik brown, dose 







8 rained plates 

2 63 

2 75 

35 71 

7817 

202 

« 14 ti 

I )ark brown, porous 






1 

hard 

4 88 

3 67 

34 00 

74 43 


While individual sanijdes of Kentucky phosphate have analyzed as 
high as 78 per cent tricalciuni phosphate, the a\erage grade of the rock 
is probably considerably below that found in Tennessee. Analyses of 
a numlier of types are given in Table XJV. 

Owing to the jiresence of so much finely divided foreign material, 
Kentucky phosphate must be washed in order to obtain a product 
suitable for the manufacture of acid phosjdiate if any considerable ton- 
nage is to he obtained from the deiX)sits. An appreciable tonnage of 
this material of lower grade (TjO per cent tricalcium pho.sphate) has 
been finely ground and sold for direct application to the soil. 

On certain farms in the vicinity of Wallace and Midway, Kentucky, 
a little mining has been conducted for a number of years and an aver- 
age grade of rock containing 72 per cent bone phosphate of lime, re- 

“ Phosphate Rocks of Central Kentucky, Ky. Geol. Survey (1915), 80 pages. 
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covered and milled at a small plant located at the former place — the 
coarser lumps being used for the manufacture of acid phosphate and 
the finely ground material is sacked and sold as raw rock for direct 
application to the field. One washing plant has been erected at Ver- 
sailles, Ky., to recover the finely divided phosphate, such as saved in 
the Tennessee fields. 


Arkansas Phosphate.^^ 

These phosi)hatc deposits are not generally regarded as of much 
economic importance since compared with the product of Florida, Ten- 
nessee, the western States, and even South Carolina, the rock is of a 
low grade. 

The deposits, however, arc well situated to supply the growing 
demand for fertilizers west of the Mississippi River and though much 
of the material is loo low in J* 20 r, and too high in iron to make it 
desirable for the manufacture of acid phosphate by the sulfuric acid 
process, the development of the pyrolitic method of producing phos- 
phoric acid may result in the renewal of mining activity in these fields. 

While mention is made of the occurrence of phosphate in a number 
of localities in Searcy, Izard, Stone, Marion, Baxter and Boone coun- 
ties, the rock has been developed only in the Northwestern part of 
Independence county along LafTerty Creek north and west of the White 
River and about 10 miles from Batesville. 

The developed dej)Osits of phosphate in Arkansas were formerly 
considered of Devonian age,®° but more recent investigations have shown 
them to be older. The rocks of the phosphate horizon vary considerably 
in character, but there are always bands of shale occurring among the 
phosphate strata. Manganese ore is also closely associated with the 
phosphate in many places, much of the rock being stained by this 
substance.’® 

The ])hosphate in the developed area occurs in two strata — one 
directly overlying the other. The first or upper layer is from to 
6 feet in thickness and consists of a hard massive rock made up of the 
rounded fragments of organic debris closely cemented together. It 
varies in color from light gray to brownish black, the color largely 
depending on the quantities of iron and manganese present. This bed 

** Brainier, Amor. Inst. Min Inmrs , Vol. 26 (18%); Brahner and Newson, 
Bull. 74, Ark. A^ric J^xpor. .Sta (1%2) ; Purdue, Bull. 315, U. S. Geol. Survey, 
pp, 463-473 (1007) , Waiigaman, W. IT., Bull. 81, Bureau of Soils (1912), pp. 
30-36. 

"Branncr, \nier. Tu'st of Min. I'ngrs , Vol. 26 (1896) ; Branncr and Newson, 
Bull. 74, Ark. Exp. Sta. (1903). 

•• Purdue, Bull. 315, U. S. Gcol. Survey, pp. 463-473 (1907). 
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averages from 55 to 60 per cent bone phosphate of lime. Directly under 
this bed lies a second stratum of jAosphate rock from 2 to 4 feet in 
thickness, which closely resembles that just described. It is, however, 
less oolitic and contains appreciably less P*0|(. The average grade of 
this second stratum is from 30 to 40 per cent bone phosphate of lime 
and therefore dunng mining operations Jt was separated from the upper 
stratum and thrown away as unmarketable rock. 

In the following table (Table XV) are given the analyses and 
descriptions of the successive strata of phosphate rock sampled by th^ 
senior author at two diilcrent places. 

TABLE XV 

ANAIYStS AND DfSCRIPirON 01 PlIOSPHArC .SfRATA FROM TwO DuFERENT 
Locauiies in Arkansas 


Sample 

No. 

Location 

Thick- 

Description 

Analyses 

ness of 
Stidta 

p/). 

Ca,- 

(PO4). 


^Thosphatc,” 12 






miles northwest 
of Batesvillc 

r 6" 

FcniKinous 

1 race 





Limestone (roof) 

5 82 

12 72 

93 

« 

6" 

Green shale 

28 85 

63 05 

89 

4< 

4' 0" 

ffard, grav. nodular 

14 16 

30 94 

91 

it 

r 0" 

Hard, gray, less nodular 



97 

1 % miles north of 






“Phosphate” 

r 6" 

rcingmous phosphate 

19 60 

42 94 

94 

it 

6" 

Thin bedded slate (not 





sampled) 



96 

U 

3' 0" 

Hard gray oolitic phos- 






phate 

22 96 

50.18 

9S 

u 

r 0" 

Hard, gray, oolitic phos- 
phate 

10 01 

2187 

98 

tl 

Unde- 




termined 

Fcrriginous shale 

7 53 

16 45 


The Arkansas phosphate was mined in the same way as the blue 
rock phosphate of Tennessee, by first stripping around the face of the 
hill till the overburden became too heavy to be profitably removed, and 
then running drifts into the hill’s side. As these tunnels are driven 
deeper into the Ifills comparatively little timbering is required since the 
stratum of unweathered limestone and shale overlying the phosphate 
beds form a fairly substantial roof. 

Mining operations ceased in the Arkansas phosphate fields in 1912. 
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V 

Reserve Suppi^y.of Phosphate Rock in the VNlrko Spates. 

Any estimate of the reserve supply of high grade phosphate rock 
in the United States must be at best only an approximation, because^ 
as previously pointed out, the limits and extent of many of the phos- 
phate deposits can be determined only by careful and detailed pros- 
pecting. In the two accompanying tables (Tables XVI and XVII), 
however, one compiled by the senior author in 1913 and the other by 
W. C. Phalen in 1915, estimates of the amount of phosphate rock 
available in the various fields of this country are given.®^ Several 
million tons of phosphate have been mined since these estimates were 
made and therefore the tables are brought up to date by deducting the 
amount produced during this 11 to 13 year period. No deduction is 
made for the Western phosphates, since the tonnage mined in this period 
is more than offset by further discovery. 

Since the annual output of high-grade phosphate rock from our 
Eastern deposits is normally about ^000, 000 tons, these more accessible 
fields may be exhausted within a hundred years even should there be 
no greater consumption than at present. But if our agricultural pro- 
duction is to continue its steady healthy growth, we must expect a far 
greater demand for phosphatic fertilizers than now exists. Under the 
present system of mining and preparing phosphates for the market it is 
not inconceivable that many deposits will be exhausted within the next 
SO years, for the demand for high-grade rock carrying from 68 to 75 
per cent or more of bone phosphate of lime is such that lower grade 
material receives little consideration. 

The figures given in Table XVI show that the bulk of our phos- 
phate material is of relatively low grade, much of which is being or 
will be wasted because of its close association with the higher grade 
rock and the apparent necessity of discarding finely divided phosphate 
in the mechanical separation of such impurities as clay and sand. 

In Table XVIII is given the phosphate content of run-of-mine phos- 
phate from various sources, the composition of the lower grade strata 
so intimately associated with higher grade phosphate rock and the waste 
material which is discharged in preparing a higher grade marketable 
product. 

A study of these tables makes it appear evident that unless methods 
are devised and adopted whereby a fuller utilization of our phosphate 
resources is effected, the exhaustion of our Eastern reserves is a 
matter of only a century at best While the deposits of high grade 

” Reserve Supply of Phosphate Rock in the United States, J. Ind. Eng. Chem*, 
1914, Vol. 6, p. 46A, and Phosphate Rock in 1915, Mineral Resources, U. S. Geo- 
logical Survey, 1916, Part II, pp. 227-244 
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phosphate rock in the West might continue to supply our needs for 
several more centuries the long haul required to bring this rock to the 
Eastern market would add greatly to the cost of the fertilizer. 

Fortunately there is evidence that new processes are being developed 
whereby lower grade materials can be successfully employed as well as 
the high grade phosphates in producing soluble or available jJiosphoric 
acid. The advances which have been made along these lines are dis- 
cussed in another chapter. 


TABLE XVI 

Reser\T£ Supplies of Higii-^Grade and Low-Grade Phusphaii^s in the 

United States 



T ons 

Utah, Idaho, Wyoming and Montana: 

High-grade 

2.500.000. 565 

7.500.000. 000 

3.36.841. 0, ^) 
20,000,000 

111.108.. 302 

9,471,752 

20,000,000 

500,000 

10,497,912,555 

High-grade equivalent of all grades 

Florida : 

High-grade equivalent of all grades 

High-grade equivalent of wash heaps 

Tennessee: 

High-grade equivalent of all gnides 

South Carolina: 

High-grade equivalent of all grades 

Arkansas : 

High-grade equivalent of all grades 

Kentucky ; 

High-grade equivalent of all grades 



TABLE XVII 

Estimated Quantity of Phosphate Ro(K Avmlmde in tut Uniifd States 
(U. S. Geologilai. Sukvf\ ) 



Long Tons 

Eastern States: 

Flnpda 

214,584,714 

85,357,825 

8,771,464 

1,000,000 

20,000,000 

Tennessee 

South Carolina , . . 

Kentucky 

Arkansas 

Total 

.329,714,003 

5,367,082,000 

Western States : 

Utah, Idaho, Wyoming and Montana 

Grand total 

5,696,796,003 
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Chapter 3. 

Phosphates of Foreign Countries. 

Northern Africa. 

While the annular production of phosphate rock in the United^ 
Slates still exceeds that of any other single country, the development 
of the phosphate deposits in Northern Africa has now reached such 
huge proportions that the combined output of l^unis, Algeria, Egypt, 
and Morocco is actually greater than that of the United States. The 
African phosphates therefore ha\e become a \eiy serious competitor 
of the American product in the European market. 

When it is considered that the phosphates of Tunis and Egypt were 
either undisco\ered or undeveloped until 1807 and that development 
work in Morocco was not begun until 1917, the expansion of the phos- 
phate industry in these countries has proceeded with surprising rapidity. 

From a production (in Algeria) of 104,603 tons in 1895 the com- 
bined annual output of tfie four countries mentioned above has grown 
steadily until in 1924 it reached 3,000,000 tons. 

Almost the entire output of phosphate rock from Northern Africa 
(with the exception of a portion of that mined in Egypt) is shipped 
to Europe where the countiies are so thickly populated that intensive 
systems of agriculture must necessarily be employed. The European 
farmer realizes that one of the most effective ways (within his control) 
to increase crop yields is by the liberal and regular use of phosphatic 
fertilizers. 

Although the development of the Northern Africa deposits has 
adversely affected our export trade, it is nevertheless fortunate that 
Europe is no longer entirely dependent on America for its supply of 
phosphate rock. The use of phosphate fertilizers in the United States 
is growing and must continue to grow as our so-called virgin lands 
become depleted in fertility. So no matter how vast our phosphate 
resources may api)ear to be we will need them to insure an agricultural 
output adequate to meet the demands of our ever increasing population. 

Tunisian Phosphate. 

Next to the United States Tunis is the largest phosphate producing 
country in the world its annual output having now reached 2,000,000 
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metric tons* While the phosphate area of Tunis can be traced for 
hundreds of miles and represents a reserve supply estimated at several 
hundred million tons, the most important deposits where commercial 
development has taken place is in the vicinity of Gafsa close to the 
Algerian border. These mines are connected by rail to the ports of 
Sfax and Sousse which represents a haul of approximately 150 miles 
to transport the rock to the sea coast. 

The deposits are of Eocene age and occur in beds several feet in 
thickness but only those containing over 50 per cent of bone phosphate 
of lime, and within close proximity to the railroad arc at present being 
exploited. 

These deposits as well as their development have been frequently 
described in Government publications and the scientific press, ^ so only 
brief descriptions are included here 

According to Stone ^ the phosphate mines at Gafsa contain four 
principal beds and by mixing the matciial from two beds 10 feet and 
6 feet in thickness respectively a product is obtained which averages 
60 per cent bone phosphate of lime. 

The deposits of phosphate in Tunis arc controlled by French capital 
and the “Compagnie de Gafsa'' is the largest single producer of phos- 
phate rock in the world Other companies operating in Tunis are 
“Compagnie de Phosphates Tunisiennes," ^‘Compagnie de Phosphates 
du Dyr," and "Compagnie de Saint Gobain " 

Much of the mining in the Gafsa region is conducted by tunneling 
into the phosphate strata and digging the rock out in the manner em- 
ployed in mining seams of coal. The phosphate rock requires no wash- 
ing process like that employed in Florida and Tennessee in order to 
prepare a marketable product. 

The following description of mining, handling, drying, and ship- 
ping the phosphate from the Gafsa mines is given in a translation by 
R. W. Stone ® of a paper published by £milc Morinaud in ‘T es Annales 
Coloniales" in 1921. 

^ Kinp:, P . Phosphate Mining in Tunisia, Trans Inst Min Eng , 1913-1914, 
p 456, Keppen, A de, Industrie Mineialc de la Tunisic, Comite Central des 
Houilleres de France. Pans, 1914. Phosphate Industry of Tunis, American Fer- 
tilizer, p, 114, Sept 27 (1919) ; Compagnic des Phosphates de Gafsa, Echo dcs 
Mines et de la Metallurgie, p. 353, June 15, 1919; Geissel, H L, Phosphate in 
Tunis, Fng and Min Jour , p 861, May 21, 1921 , Socicte des Phosphates 
Tunisiennes, Echo des Mines et de la Metallurgie, p 30, July 10, 1924 , Compagnie 
des Phosphates du Maroc et la Main d’oeuvre. Echo des Mines et de la Metal- 
lurgie, p 334, July 20 (1925) , Mineral Resources of the British Empire and 
Foreign Countries, Phosphates, p 58 (1921), Morinaud, E, Phosphate in 
Algeria and Tunis, Les Annales Coloniales, Pans, Feb. (1921) 

•Phosphate Rock in 1919, Mineral Resources, part 2, p 221, U. S Geol. 
Survey (1921). 

• Phosphate in Algeria and Tunis, Amcr. Fertilizer, p. 62, Dec. 31, 1922. 
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"The equipment of the Gafsa company is suited to the exceptional 
productive capacity of the mines. At Metlaoui, mining is done on two 
beds of a thickness of 2.5 meters and of 1.8 meters. The galleries 
extend into the Tx)uisif, Jacha and Metlaoui plateau terrace. The total 
of the subterranean works occupies an area of 4.5 kilometers long and 
about 500 meters wide. About 800,000 tons is mined each year. 

“The phosphate is transported by mine cars in trains drawn by 
electric locomotives to chutes which load the railroad cars. These latter 
go in full trains to Metlaoui, where the pliosphate is dried partly by 
exposing and working in the sun, and partly by numerous and powerful 
drying furnaces each with a capacity of 15 to 20 tons an hour. The 
dry phosphate is stored in great cohered sheds. It is either kept in 
stock or loaded directly from the drier and sent to Sfax in full trains. 

""At Redeyef the mine produces an average of 400,000 tons a year. 
The equipment is less complete than at Metlaoui, for part of the phos- 
phate mined at Redeyef is dried at ^letlaoui. The mine cais at Redeyef 
are drawn by gas locomotives. The motive jiower is produced by two 
central gas stations developing about 1,000 horse power at Metlaoui 
and 500 horse power at Redeyef. The phosphate brought from the 
mine to the Philippe-Thomas station is loaded into trains with a capacity 
from 1,000 to 1,500 tons. The railroad, which is equipped in the most 
modern way, transports the phosphate to Sfax ; it possesses in jjarticu- 
lar 10-wheel engines which are the most powerful engines used on 
1-metcr roads. These engines weigh about 56 tons. 

"‘The same railway serves, between Metlaoui cand Sfax, several cen- 
ters of population and two other mines which bring to it a very inter- 
esting commercial traffic which is growing daily. At Sfax the loading 
equipment is remarkable for its size, for the system of handling used 
and for the enormous capacity of the apparatus for loading ships. 
The company easily loads 6,000 tons a day. The light and power 
station (500 h. p.) is situated on the quay. Transportation of phos- 
phate to different points in the enormous sheds is done by rubber belt 
conveyors which serve also to lift the material again and take it to the 
loading apparatus, each one of which is capable of putting on ship 250 
to 300 tons an hour. At Soussc a similar equipment permits the load- 
ing of 250,000 tons for shipment from that port.” 

Algerian Phosphate. 

The phosphates of Algeria have been described in a number of 
government pulilications as well as in numerous articles published in 
the scientific press, ^ so in the present work the writers have confined 

* Algerian Phosphates, Min. Jour., Mar. 6, 1920; Algerian Phosphates, Amer. 
Fertilizer, p. 67, Aug. 16, 1919; Frost, A. C., The Algerian Phosphate Industry, 
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themselves to a brief description and discussion of these deposits. 

The Algerian phosphates were the first to be de\eloj)ed in Northern 
Africa, and since 1895 the production from these fields has gradually 
but steadily increased.® 

These phosphates occur in sedimentary beds of Eocene age and are 
of the same general character and age as those of Tunis. In fact the 
Algerian and Tunisian phosphates are practically identical since the 
border line between these two countries cuts through the phosphate 
region. 

Only a ixirtion of the phosphate area of Algeria lias been developed, 
the most important mines at present being located near the towns of 
Setif and Teliessa in the Department of C'onstantine Eastern Algeria. 
Here the phosphate occurs in a basin shaped deposit composed of five 
separate beds, three of which are considered worth mining. These 
workable beds vary from lyi to 9 feet in thickness and are mined 
chiefly by open cuts ; only wheie the overburden exceeds 24 feet is 
tunneling practiced. From the mines the phosphate is brought by cable 
or tram cais to central plants where it is crushed and sorted. No wash- 
ing process is required in preparing this rock for the market, so after 
grinding (and sometimes (Irying) the phosphate is loaded into railway 
cars and transi>orted to the Mediterranean ])orts of Hone, Bougie, and 
Algiers for shipment to Eurojican countries. 

Sulfuric acid factories at Oran Maison C orree (near Algiers) and 
at Bone make it possible to produce as high as 86,000 tons of super- 
phosphate per annum, which is more than the colony’s requirements 
and leaves a balance for export. 

The marketed grades of Algerian phosphate range from 58 to 68 
per cent bone phosiihate of lime. 

The largest producer of phosphate rock in Algeria is the '‘Com- 
pagnie dcs Phosphates de CoiivStantine.” This company controls some 
of the highest grade deposits in the phosphate area and has installed 
the latest and most nit-to-date equipment for mining, handling, sorting, 
drying, and loading the i)hosphate. Other companies operating in 
Algeria arc the ‘'Compagnie des Phosphates de Toqueville'’ and the 
‘‘Compagnie Centralc des Phosphates de Bordj Redir.’’ 

In addition to the developed phosphate deposits of Algeria there 

Commerce Reports, p 788, Feb. 9. 1920; Elkington, David C., Algerian Phos- 
ph<ite Mining Industry, Commerce Rcjiorts, p. 453, Aug. 14, 1922, Elkington, 
1). C., Piospcctive Algerian IMiosphate Developments, Commerce Reports, p. 350, 
Nov. 10, 1924; Morinaud, K., Phosphate in Algeria and Tunis, Lcs Annales 
Coloniales, Paris, Feb., 1921, translated by R. W. Stone in American Fertilizer 
Handbook, 1921 Edition; Fabrega, D. P., The Phosphate Deposits of Noithern 
Africa, Min. Jour., Feb. 8, 1919. 

® With the exception of the war period and the two years immediately follow- 
ing (1918 and 1919). 
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ar^ a number of ar^sis which have not yet been exploited because of 
lack of transportation facilities. The most important of these are 
Djebel Onk and Maadids, 

The former deposits are very large and should in time prove highly 
productive. The beds are said to be from 30 to 60 meters in thickness 
and are variously estimated to contain from 300,000,000 to 1,000,- 
000,000 tons of phosphate rock with an average content of 66 per cent 
bone phosphate of lime ® These deposits, however, are located from 50 
to 60 miles south of the tei minus of the nearest railroad at Tebessa 
and hence their development at present is commercially impracticable. 

The latest official statistics on the production of phosphates in\ 
Algeria are those for 1924, when 583,234 tons were pioduced 

Moroccan Phosphate. 

The phosphate deposits of Morocco also belong to the Tertiary 
l^riod and occur in stiata of upper and lower Eocene The fiist de- 
jxisit recognised was that of El Boroudj, which was discovered in 
1912, but it was not until 1921 that any amount of development work 
was done In that year only 6981 tons were marketed from the Moroc- 
can fields, but with the completion of a standard gauge railroad the 
production has grown by leaps and bounds and in 1925 reached the 
remarkable figure of 720,000 tons 

The deposits of El Boroudj aie in the central part of the northwest 
coastal region fiom 80 to 90 miles south-southeast of Casa Blanca, a 
seaport on the Atlantic coast The phosphate region stretches from 
east to west for a distance of 60 miles fiom Oued-Zem to Dar-Chafai. 

•Phalcn, W C, The Conservation of Phosphate Rock, Trans of Amet, Inst 
of Min hngrs, p 1931 (1917), Mm Ind of British Empire, Phosphates, p 
57, 1921 

^ For details concerning the geology development and nature of the Moroccan 
phosphates the reader is referred to the following publications 

Jumeau, P, Phosphate Deposits in Morocco, Amer Fert, Vol 53, p 142, 
Oct 9, 1920, The Newly Discovered Phosphate in Africa, Amer Fer . Vol 53, 
p 90, Mav 22, 1920, Mai tin, J C, Phosphate Rock Deposits in Morocco, U S 
Geological Survey Press Bulletin, Sept, 1920, The Moroccan Phosphate Beds, 
Amer Fert, Vol 54, p 106, June 4, 1921, The Importance of Moroccan De- 
posits, Amer Fert, Vol 54, p 81, June 18, 1921, Development of Morocco 
Phosphates, Amer Fert , Vol 54, p 92, Oct 8, 1921 , Lloyd, S L , Moroccan 
Phosphate Deposits, Eng & Min Jour Press, Vol 113, p 556, April 8, 1922 J 
Phosphate Beds of Morocco, Mining Jour, p 126, Feb 17, 1923, Moioccan 
Phosphate Offered in European Countries, Chem & Met Eng, Oct 6, 1924, 
Russell, II E , Notes on the Production of Phosphates in Morocco, Special 
Circular 105, Bureau of Foreign and Domestic Commerce, July 13th, 1925; Rapid 
Advance in Phosphate Output of Morocco, Chem & Met Eng, Feb 9, 1925, 
Les Phosphates du Maroc et la Main d*oeuvre, Echo des Mines et d^ la Metal- 
lurgie, p 409, Sept 10, 1925, Mansfield, G R, Phosphate Rock in 1924, Bureau 
of Mines, Mineral Resources of the U. S., part II, p. 101, 1925. 
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Its northern limit approaches Guisser and its southern boundary is the 
El Boroudj cliff overlooking the plain. This area is about 400,000 
acres in extent and is variously estimated to contain from several mil- 
lion to one billion tons of relatively high grade phosphate, much of 
which lies near the surface and is a gray fragile rock of such a char- 
acter as to require little or no treatment to prepare it for the market. 

Since the discovery of the first deposit of phosphate, other beds of 
great value and extent have been found which bid fair to make Morocco 
an even more important phosphate producing country than Algeria 
and Tunis. 

It was thought at first that the repoits concerning the grade and 
extent of the Moroccan phosphates were highly exaggerated, and in 
1920 Jumeau ® published a number of analyses showing that much of 
the rock was no richer than that of Algeria and Tunis. Later investi- 
gations, however, have proven that large tonnages are available which 
contain 70 per cent and more of phosphate of lime, and certain samples 
run considerably higher. Such phosphate compares very favorably 
with that from the Florida pebble fields and its appearance on the 
market has had a depressing effect on the American export trade 

The following brief description of the equipment for and method 
of handling the Moroccan phosphate is taken from the reix)rt of H. 
Earle Russell,® American Consul at Casa Blanca. 

*‘At Boujniba thcie has been for some time a very up-to-date plant 
for the crushing and drying of phosphate, and recently an equally 
modern plant for storing and loading has been installed there. The 
accumulators are constructed of reinforced concrete 120 meters long, 
60 meters wide, on trusses of 20 meters, and have a capacity of 60,000 
metric tons. The phosphate is brought from the crushing and drying 
section of the plant to the upper part of the storage bins and distributed 
over the entire surface of a belt. Six series of hopi)ers allow the load- 
ing of the cars in rapid succession, so that a train of 300 tons can be 
loaded in 2 minutes by each series. Nearly all of the phosphate is 
now brought to Casa Blanca by the normal gauge railway line, a dis- 
tance of about 90 miles. From a point near Kouriglia to the sea there 
is a gentle incline, which will permit cheap transportation when the 
line is electrified The warehouses at Roches-Noircs, a suburb of Casa 
Blanca, are no longer used and the loaded cars are run directly to the 
port and unloaded automatically, the contents being carried by belts 
to the top of the elevator, whence they are discharged into the holds 
of the vessels lying alongside the quay. The present elevator can load 

■ Phosphate Deposits in Morocco, Amer Fert , Vol 53, p 142, Oct 9, 1920. 

• Not^s on the Production of Phosphates in Morocco, Special Circular 105, 
Bureau of Foreign and Domestic Commerce, July 13, 1925. 
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vessels at the rate of 350 metrir tons ]x*r hour, or more than double the 
present necessary rate. 


Egyptian Phosphates 

lMn)spliate rock occurs in many localities in h'gypt, hut the only de- 
|K)sits which have any commercial importance at present are those 
along the hanks of the Nile River (in the Sa])aia District) and near the 
coast of the Red Sea. 

While the k-gy|)tiaii phosphates arc somewhat similar in character 
to those of 'runis and Ali>eria they belong to an earlier geologic period, 
geologists generally agreeing that they aie of Oetaceous age. \ 

'file rock was first disco\ered in 18^^7 near the village of k'sna oif 
the east hank of the Nile River and subsequently found to cover a\ 
considerable area on both sides of this stream, 'fhese dejK'isits, while \ 
still being mined anrl shii)ped from the port of Alexandria by an Italian 
companv , are not on the whole as inqiortant and as high giade as those 
near the coast of the Red Sea in the districts of (juosscir and Safaja. 
The Kgy[jtian phosjjliate strata vary greatly in thickness, appearance 
and grade, not only from ])lace to place but even within small areas. 
As a whole they are light in color and sufiiciently friable to be readily 
crushed. The marketable grad(‘s range* from 58 to 68 per cent hone 
phosphate of lime wdth an iron and alumina content of from 1 to 3 
IXT cent. 

The deposits near the Red Sea aie being deveb»pcd at Safaja (18 
miles from the coast ) by an English company, and at Quosseir and lU 
Sabaia by an Italian company which ex])orts most of the jiroduct to 
Italy. 

The English comjiany (at Safaja) trans])orts its rock to the coast 
by means of an electric railroad, and from there shii)s most of it 
through the Sue/ Canal to ja])an. hVom a production of 7CX) tons in 
1^)08 the cuitj>ut of lvg}j)tian phosphate increased steadily ui> to E^]3, 
when 102,771 tons were produced. During the war period, however, 
the annual output from these fields decreased greatly, and while there 
was a marked recovery in 1^20 and 1921 the subsccpient development 

*'‘For descriptions of the location, i 2 :eolo^»> and development ot the Fgyptian 
phosphates the reader is n ferred to the following publications: Ran on, Hume, 
Readnell and Lucas, A Report on the Phosphate Deposits of Ivgypl, Kgyptian 
(leological Sur\ey, Cairo, Fgypt (191)0); Rail, J., The Phosphate Deposits of 
KgM)l, .Survey Dept. Paper No 30 (1913): Ball, J., Topography and Ceology 
of the Phosphate District of Safaja, Survey Dept. Pjijier No. 29 (1913) ; Corlese, 
K., Phos])hate in Kgypt, Trans. Anier. Inst, of Min. F.ngrs., Vol. 59, p. 112 
(1918) ; Fgyptian Phosphate, ( hap. 5, p. 14, Dept, of Mines and Quarries, Cairo, 
ivgypt (1922); The Mineral Resources of the British Ftnpire, Phosphates, pp. 
30-31 (1921); DuBois, C., Phosphate Along Red Sea C'oast of Kgypt, Commerce 
Reports, Mar. 5, 1923. 
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of the higher grade deposits in Morocco h.is again had a somewhat de- 
pressing effect on the Egyptian phosphate industry. 

The phosphate (leiK)sils near the l^ed wSea are mined in a manner 
similar to coal scams, the pillar and stall system being employed at 
Quosseir and the long wall system at Safaja. 

Phosphates of the Pacific and Indian Oceans.^^ 

'I'he highest grade phosphates known to the world today occur on 
certain small islands in the J^acitic and Indian Oceans. I'he origin 
o£ these phosphates is generally conceded to be guano deposited by 
myriads of birds which fed on the marine life abounding in these regions 
and lived, bred, and died on these islands. Many of these birds are 
now extinct and the guano has been leached and its soluble phosphate 
content fixed by the underlying coral formations of which these islands 
are largely composed. The resultant phosphates have a content of from 
80 to 88 per cent calcium i>hosphatc and are being extensively develoi>ed 
by luiglish, Erench and Japanese interests. 

Nauru or Pleasant Island. 

"riiis island is only 26 miles south of the equator and lies in longi- 
tude 165 degrees 55' east and is about 2200 miles from Sydney, Aus- 
tralia. ft is an is(dated island not In'li^nging to any group and the 
nearest land is Ocean Island about 200 miles to the soutlicasl. Nauru 
has a total area of about 12 square miles, must of which is pliosphate 
hearing, A stiij) of land along the coast from 100 yards to a quarter 
of a mile in width is relatively levef hut beyond this level belt the land 
rises to a height of over 2(X) feet. This elevated portion of the island 
consists almost entirel}^ of phos])hate rock and coral jiinnacles. 

"J'he phosphate was recognized as such about the year 1900 and 
exploitation began in 1906. 

Th(‘ phosphate, which is a surface de^xjsit witli little or no over- 
burden, is almost juirc white. It is mined by pick and shovel and has 

For descriptions of the Pacific and Indian Ocean phosphate deposits the 
reader is referred to Klschner, C., The Island of Nauru, American Fertilizer, p. 
23, Dec. 13, 1013; Winslow, A., Phosphate Deposits in the South Pacific, 
Commerce Reports, Sept. 1.S, 1918; Pacific Island Phosphate Deposits, Eng. and 
Min. Jour., Ftb. 7, 1920; Nauru Phosphates, Aincr. Fert., p. 89, Feb. 11, 1922; 
The Nauru Phosphates, Amer. Fort., p. 33, April 22, 1922; The Phosphate 
Deposits of the Pacific, Amer. J'ert., Vol. 58, p. 25, Feh. 10, 1923; Nauru and 
Ocean Island Phosphate, Canadian, Chem. & Met., p. 105, April, 1923; Nauru 
and Ocean Island I'ho.sphatcs, Amer. Fert., Vol. 58, p. 68, Nov. 3, 1923; The 
Mineral Industry of the Pritish F’mpire, Phosphates, p. 49, 1921 ; Mansfield, G. R., 
Phosphate Rock in 1924, p. 107, Mineral Resources, part II, U. S. Bureau of 
Mines, 1925. 
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to be ficqucntly from ^irouiid pinnriiks of coial which often use 
to d height of 30 feet fiom the hint stoiu Ind lock I he c\Ccn*itcd 
material is tians])OTlt<l to li«mi eais 1)\ tal)lc lioists and subsequently 
e lushed and calcined in laigc iolai\ duels 

On dec omit of lack of hiibois the lo iding ol the \auin phosphate 
at lust jnesented sciious dilhcullics, but inodtin c inlilc\ci jetties ha\e 
been built which leith fiom 70 to SO ftet hc\ond the outei edge ol the 
eoial icef suiiouiithng the island J loni these jetties the lock is loidcd 
into hglitcis A\hich coiixey the jihosplute to the shqis A\hith «iie mooic'd 
as elt)se to shoie is jiussihle linpieneinents in the loading system afe 
ne)W contemplated 'which will jieimit Atsstls to he lo tried diieetl} fiomi 
the shoie This will not only ineieise the output but will lendei the 
industiy moie neail> indejicndent ol adveise wealhti eonditions 1 hi 
leseive siqiply of high giade lock on \.iuiu Jsluul is esiunited aA 
100,000,000 tons ^ 

]»efe)ie the wai the isl ind of Nainu w is eontiolled 1)\ (leiininv, 
but it has noyv jiassed into the hinds of (iie it Ihit iin ind the phosjihite 
IS being e\i)loited loi the bene hi ol agiuultuie in the I nitcd kingdom 
\ustialia and New /cal ind 


Ocean Island. 

Ocean Island is one of the (lUillieit giouj) It is onl\ about one- 
thirel the size of the island eif J\auiu hut the phosphite oceuis undci 
the same conditions, is of simil ii oiigin ind ol in eepiallv high giade 

I*hosj)hale lock was diseo\eieel on this island it i somewhat eailiei 
date than that on Tallin and exjiloitalion begin m lOOO J he best 
deposits aie found on the eenlral t ible land wlicie the pbosiibate beds 
extend to a dejith of SO leet 

Ihe phosphate is mined by Inst lemoMiig a light oveibuiden and 
then bieaking out the lock with jiiek and shoyel Ihe exei\*itcd nia 
teiial is then lun by a giaMty ti imw n to due is and stoi ige bins fiom 
which it IS loaded into \esscls in the s ime mannei as tlie Naum 
phosi>hatc 

Ihe annual outinit fiom Ckean Island has langed fiom SO 000 to 
o\ci 200,000 tons of tSS jier cent jihosphate lock foi the p isl IS \eais 
It is estimated that theie is still a leseixt sujiply of SOOOO(K)0 tons of 
high giade lock on the island Ihe detxisits ate also eontiolled by 
Gieat Biitain 


Christmas Island. 

^This island, which is also under the* eontiol of (neat Thitain, is 
sitStpAed in the Indian Ocean, about 100 miles southwest of fa\«i 'Ihe 
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j)lu)splialo deposits are similar in orioin and apj)earance to those of 
( )cean and Nanrii islands hut slifjhtly lower in ^^rade, averaj»in^i^^ about 
SO ])cr cent bone phosjJiale of lime, 'riie annual output from this 
island reached a maximum of about 30(b()lK) tons in 1^0 J. U is doubtful 
if such a production will cAcr be attained aj^ain. 

Australia. 

I‘hos])bate dej)osits are known to occur in a number of widely 
scattered localities in \ustralia.*‘ but lelativeh fcwv of them are of much 
commercial importance. The most productive area is in S. Australia, 
wdiere the ])hos[)liate iu'ciirs associated with ( ‘ambrian and pre-Cambrian 
lime stones. 

'J'be ])hosphate is usually mined by oi)en ([uarry, but in some in- 
stances by the ])illar and stall svsteni. 'fbe* j^rade of the rock varies all 
the way trean below 50 ])er cent to ab<»\e 00 ]>er cent bone ph(^s])hate 
of lime. That wlii(‘h is market(‘d averages about (>t) ])er cent. Australia 
has a total annual ])rodiuiinn of about I0,(X)0 tons, most of that con- 
sumed beiiii; imported from ( )cean, Nauru, and ('hristmas Islands. 

The Island of Makatea. 

'rh(‘ small island of Makatea is one of the .Society ^rou]> about 120 
miles north of d'ahiti. It has an ana of oiilv' 12(K) acres, but much of 
it contains ])hosphate nnk similar in character and tii'^ide to that found 
on ( )cean and Nauru Islands. 

The ])hosijhate which has an a\(Tai;<* content of 80 per cent of 
tricalciuin phosphate is mined bv pick and shovel and hauled in train 
cars to a crusliini;, diyiiii; and storaj;<‘ ])lant, from whence it is loaded 
into lighters by means of two piers about 3(X) meters in length and 
transi)orted to vessels which are moored off shore. The annual output 
from this island has raiige<l from dl,()()0 to 80,()(K) tons during the ])ast 
15 vears, but it is estimated that there still remains about 10,000,000 
t(»ns of high grade rock. 

^“Report of die Dept, of Mines, SvdiicN, New South Wales (Annual) ; Came, 
J. I^'., Annual Report, Dept of Mines, N. S. W., for Rd4, pp. RM R)4 ; Came, 
J. J^, and \ndrevNs. 1', ( , Aiinual Rei>oit, Dept, of Mines, N. S. W.. for R)16, 
1 )]). J0J-J()4; Morrison, M, IMiosphate Rock, ( anowinda, Annual Report, Dept, 
ot Mines, N. S. W., for l'M7, ji. !()*>; Skeals, W. h'., and Teale, V. D., A New 
l’hosi)hale l^ofiosit in the llowcpia District, Rroc. \uslr. Inst. Min Ivny., New 
Senes, No. pj). 155-175 (Rd8): Hall, L. , I’hosphates at (lore, Queens, 
(k)vt. Min. Jour., Hrishaiie, Vol. 18^ p. 443 (R>17); Wor dwanl, II. P., '^Hie 
Phosphatic Jk])osits of W'estern \iistralia, W. Anslr., (leol. Survev, Perth, Hull. 
74, Misc. Reports, Ser. 5, No. Pi, pj). 9-28; Jack, R. L., The Phosiiliatc Deposits 
of South Australia, S. Aiistr. Dept, of ^Tilles, Adelaide, Cieol. Survey, Hull. 7, 
p. 136 (1919) ; Frew, J., I’hosphates, S. A. Min. & lvnj». Jour., Dec. 5 and 19 
(1925). 
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Angaur Island. 

Angaur Island is one of the J*ellew group, about 800 miles east of 
the southern end of the rhilipj>inc Islands. Before the war this island 
belonged to ( lermany, hut by the terms of the peace treaty has now 
passed into the hands of the Japanese, who are exploiting the phosphate 
dej)osits for the benefit of their own agricultural interests. The 
ai)i)roximate annual i)roduction is about 30,000 tons. The rock is of 
an excellent grade, averaging 80 jier cent or more of tricalciuin ])1k)s- 
l>hatc, and is readily and chea])ly mined. It is estimated that thisj 
island still contains from 2,000,000 to 3,000,000 tons of high grade 1^ 
phosphate. 

rilO.SjniATKS OF lU’ROFE. 

At one time Belgium, Tngland, and JTance produced a considerable 
tonnage of low grade ])hos])hate rock which was de])ended u])oii to 
meet the agricultural demands of those countries for soluble phosphate 
fertilizers. 

W hile these i)hosphate dcj)Osits are not yet entirely exhausted the 
discovery of the vast fields of higher grade and more chca])ly mined, 
phosi)hates in the United States soon caused mining operations in these 
countries to decline, and since the devt‘loi)ment of the immense j>hos- 
l>hate dei)osits of Northern Africa the exjdoitation of these Juiroj^an 
phosiihate dejiosits has almost ceased. 

\Vilh the exception of Belgium, however, these countries own or 
control extensive and valuable jihosjihate areas in Africa and on cer- 
tain islands in the Pacific and Indian Oceans. 

Belgium. 

The princi])al phosjihate region in Belgium is situated at Cijdy 
and Mesvin, near Mans, which was part of the fi'landers battle area 
during the late war.’^ 

The Belgian ])hos])hates occur either as nodules imbedded in a 
matrix of clay or as beds of ])hos])hatic chalk in "J'ertiary and C'reta- 
ceous strata. "i1ie grade of the rock now available averages only from 
40 to 45 per cent tricalcium phosphate and contains* such a large jiro- 
jK)rtion of acid consuming impurities that it is uneconomical to use it 
alone for the manufacture of suj^erjiho.sjihate. Accordingly the small 
tonnage which is mined is mixed with the richer i)hos])hates from 
other sources in order to give available or water soluble pliosphates of 
marketable grade. 

Statisti(ine cles Industries Extractives et MetalhirRi(|ues eii Belgi(|iie (An- 
nual ) ; Mineral Uesnnrces of the British Empire, JMiosphates, p. 51 (1^21). 
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The annual production of phosphate rock in Belgium is now ap- 
proximately 50,000 tons. 


England. 

Phosphates in the form of coprolites occur over widely scattered 
areas in the British Isles, but the rock is of such a low grade that it 
now has but little commercial significance. 

The most jiroductivc de^wsits have been those in the Cambridge 
upper Green sand, where the beds consist of dark brown or black 
nodules from 8 to 12 inches thick and from a bed (12 to 18 inches 
thick) of similar material in Suffolk. 

The average grade of the English coprolites is below 50 per cent 
tricalcium phosphate and the rock contains such a high iiercentage of 
iron that it is imiiracticable to use it for the manufacture of acid phos- 
phate unless it is blended with a large i)roi)ortion of high grade 
j)hos])hate from other sources. 

As in the case of Belgium the exploitation of these coprolite de- 
posits is no longer t^rofitable, and while mining ojierations were revived 
for a short period during the war because of the difficulty of importing 
from foreign sources, production has again practically ceased. 

France. 

Low grade phosjdiates occur in the Departments of Aisne, \rdenncs, 
Meuse, Oise, J*as de Galais and Somme, 'flie rov'k is of (Vetaceous 
age and occurs in the form of phosphatic ch.dk and as narrow bands 
from 2 to 10 inches thick in Cretaceous (ireen sand. 

The rock ranges in grade from 45 to 65 ]yvr cent tricalcium ])hc)S- 
])hate and while at one time of considerable im]>ortance from an 
agricultural standpoint is now unable to c()mi)ete with the phosphates 
of the United States and Northern Africa. Alining oper.ations are still 
conducted, however, on a limited scale the rock being mixed with 
higher grade phosphates from other sources and manufactured into 
acid t)hosphate. 

During the war practically all of the ]>bosi>h.'ite area of Er.ance was 
in (ierman hands, so the nation had to dej)end entirely iH)on the rock 
shii>iJed in from Africa and the United States for its supplies of 
superphosphate. 

Germany. 

It seems nither strange that a nation which consumes such a large 
tonnage of phosphate fertilizers should not h.ave discovered any phos- 

** Mineral Resources of the lintish Knipire, Phosph.itcs, p. 23 (1921). 
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phatc deposits of eomniercial ini]^x)rtaiicc on its own domain until very 
recently. 

Next to onr own coimtrv, (lernuiny lias been the greatest market 
for Florida ])bosphate and ])rior to the war her annual c()nsumj)tion of 
phosj)hate rock (all of which was imported) amounted to one million 
tons. 

No de])osits of plK)S])hate of economic value were known in (ler- 
many until F^IS, and duritig the w'ar Mie had to depend almost entirely 
upon her out|)Ut of basic slag to meet the demands of agriculture. 
Even wdth the increas(‘d jn'oduction of this mat(‘rial, caused by the 
expansion of the steel industry, there w”is a very gra\e shortage of 
])hos])hatic fertilizer and e\ery effort was made to discewer WM)rkable 
beds of phosphate rock wdthin th(‘ country. 

f^'inally in EU8 a deposit w'as found in the \icinity of Nureml)erg, 
I'avaria. d'bis bed is said to attain a thickiu‘ss of 10 feet in many 
places and certain samples ba\(‘ been found which contain SO ])er cent 
of tricalcium plKjsphate. d'hc deposit as a w'hoU*, however, is of a l(»vv 
grade and is estimated to axerage only 35 \K'r ci‘nt tricalcium ]>hosphate. 
It hardly seems likely, therefore, that such ]>hosphate ('an now' be 
profitably mined in competition with the higher grade* de])osils of other 
countries. 


Russia. 


\^dliIe the ])hosj)hates of Russia ha\e only bec‘n ex])loited to a limited 
extent, de])osits of considerable magnitude and inijxntancc* occur in 
Jurassic aiid CVetaceoiis roc'ks both in Northern and Southern Russia.^'’’ 
Only those in th(* south in tlie (ioxeriiments of Rodolia and Ressa- 
rabia, howexer, have so far b(*en exjjloited to any extent. Ik* fore the 
war these W'cre mined by underground methods and the rock w'hich is 
said to average 75 ]>er cent tricalcium phosphate W’as shipi)ed to ]‘oland 
and manufactured into superphos])hate. 

A. A. JMichno^*’ gives the following analxses of the Podolian 
phosi)horite. 

Kaiinhdxvcii, J*'., t'TluT IkiS'iisrlu riinsplmrite, Ztits. jfii |)rakt. (aol., X'ol. 
27, p. 71 ami p ; Mineral KcMiurces of tl>e liiitish l'tni>ire, J’hnspliatcs, 

1, p. 55 (]‘^21); Russian IMujsiihale Iinluslr\ Revixes, Anier. InTt., ]). 82, April 

8, 1922; lldURlicrty, \V. T., I'ossibilily nf Russian I’linspliates for (lennan>, 
C'omiiierce Reports, Aui* (), 1923; Tokarski, J., IMiosjiliorite in Podolia, l’r/ein>sl. 
Chem.. Vol. 7, j). 57 (1923) ; Samoiliw, L, IMiosjiliorile Dejinsits of Russia, C lieni. 
zentrail). lUl. 3, p. 732 (1923); Russian lMi«)sphontes, Amer. lA‘rt., p 59, Am*. 

9, 1924; The I’hospliale Industry in Russia, Anicr. Fert., p. 66 , May 30 (1925) ; 
Mansfield, G. R., P]ins])hate Rock in 1924, Mineral Resources, l\'irt 11, P. S. 
P>ureau of Mines (1925). 

^"Russian Pliosplunites^ Amei. lurl., p. 59, Aug. 9, 1924. 
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It IS cloiil)tfiil, liowwcr, if the above analysis is lvi)ieal of these 
(le])osits, for such lock is exceptionally hi,qh ^rade. The dejiosits in 
Southern Kussia have been estimated to contain as much as 80,000,000 
tons of phos])hate rotk 

d'he i)hos])liates in Noithcrn Kus^ia in the (k)\crnnients of Vladimir, 
Krostrom, \ iatka and ^ aroslav ha\e not }el been exploited, but it is 
said that cateful |:»eolo^ic sur\e}s have shown them to be of consider- 
able extent. 

In addition to the two main ])hosi)hate districts, deposits of Creta- 
ceous phosphale rock occur on the central jiart of European Russia 
near Moscow, which aie said to be exc'ellently located for commercial 
de\elo])ment. So far these deposits have beem worked only to a very 
limited extent, but as conditions bec'ome more stable it ai)]>efirs likely 
that Russian phosphates will be the basis of an im])ortant industry for 
cenlial and Eastern luiiope. 


Spain. 

The use of ])hos])hatic fertilizers in Spain has ^rowui considerably 
in rec'ent v’ears, but most of the i)hosj)hate rock is im]>()rted from the 
United States and Northern Africa. 

Accoidintr to Stone, the only deiiosits of ]diosphate developed up 
to the year 1910 were those in the Province of Caceres which is in the 
western jiart of the country midway the Portuguese border. These 
de])osits which have been worked since 1805 are largely a concretionary 
variety of apatite and occur as veins in limestone, Cambrian schist, 
and granite. Mining has been done chiefly by open cuts, some of which 

f*li()‘si)h:Uc Rock in PUO, Alincral Resources, part II, p 210, U. .S Ik'oi. 
Suiso (1021) 
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are 60 to 70 feet deep. The greatest annual output from these deposits 
was 200,000 tons, but production gradually fell off and in 1913 
amounted to only 3,500 tons. Subsequently the production increased, 
amounting to 43,000 tons in 1918, but again decreased when mining 
operations in Northern Africa assumed such huge proi)ortions. 

A recent report states that a deposit of phosphate rock has also 
been discovered in Alliaina de Murcia, Sj)ain, which is interesting from 
a geologic and possibly also from a commercial standpoint The rock 
is glauconitic in nature and contains fiom 20 to 30 pel cent of tri- 
calcium phosjihate and 7 per cent of jiotash. The de]X)sit is estimated 
to contain in the ncigbboihood of 1(),(KX),00() tons of phosphate. 

Japan. 

PiiosrjiAiLS or Asj\. 

I’liosphate deposits of more or less imjxntancc haAC been woikcd 
in certain islands off the coast oi Japan, but the annual output was in- 
sufficient to meet the agricultural demands of that count! y’*’ 

For many years beds of low grade jihosjihate have been worked in 
the province of Noto, the I'onin Islands and in honnosa, but the quan- 
tity produced has been small. In 1911, after extensive investigations 
by Jai)ancse interests, jihosjjiate rock was reported on Rasa Island 
at the extreme end of the l.oochoo group.-^ This ]>h()si)hate, wdiich 
was at first said to be of a grade ecpial to that on Angaiir, Dtean and 
Nauru Islands, was sul)se(|ucntlv found to be so high in iron and 
aluminum that its use in the manufactuie of acid phosjihate is both 
difficult and exjiensive The available supply of phosiihate on this 
island is estimated at 2,800,000 tons. 

The Jajianese, however, contiol the inqiortant de])osits of phosjihate 
on Angaur Island as well as those on several of the Marshall Island*? 
formerl}'^ ojxirated by (leiman interests. These ])h()sj>hates are excep- 
tionally high grade and are being actively exploited. 

China. 

Phosphate deposits, estimated to contain apjiroximately 1,0(X),00C 
tons, are reported to occur on the Pratas Islands 170 miles sejuth of 

“Mcnende/, L Y, Piigtt (Note on the Formation, Composition and Clicmica! 
Properties of the PhosphaU s of Northern Africa and Spam), liol Inst. Geol 
Espaha, Vol. 43, pp 331-346 (1923); Amer. Feit, Vol 62, No 4, p 74 (1925) 

“Statistical Rcpoit of Dept of Agriculture and Commerce. Japan (Annual): 
Mineral Resources of British Fmpire, Phosphates, p 66 (1921), Mni Inds 
(Annual); The Japanese Acid Phosphate Industry, Amcr. Fert , p 54, April t 
(1922); A New Idiosphatc Island, Amer. Fert, p. 92, Sept 10 (1921). 

“Amer. Fert, Oct. 7, 1911. 
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Hong Kong, China, and in 1913 it was said that a company was plan- 
ning to exploit these dejx)sits.®^ No recent reports on these deposits 
are available. 

C. G. Memmingcr gives a description of some apatite deposits on 
the Chao Ho River in the province of Kiangsii, Eastern ('hina, ten miles 
from the seaport of Hsin Pu Cheng. This rock is of a very excej)- 
tional grade, containing 90 per cent tricalciiim ]>hosphate, and is said 
to be quite friable and readily ground. No mining is being conducted 
in this region at present, but it is i>ointcd out that the cheap labor 
existing in these regions and the exce])tional richness of the mineral 
make it very probable that these deposits will he developed and serve 
as a source of phosphoric acid for the Jai>anese market. 

^ Min. Industry, p. 592 (1014). 

"Chinese Phosphate Deposits, Anier. Fort, Yol. 61, No. 10, p. 27, Nov. 15, 
1924. 



(Chapter 4. 


So-called Available Phosphates. 


lender the uf availiibk* ])hosj)hatps arc* included a iuiinl)C‘r 

of ]>riinary and sccondar\ product^ resulting^ from llic nu*clianical and 
chemical tiTalment of the natural ])hosphates just descrihed. 'I'lie tc‘rm 
availahle, however, is a relative one and is ap[)lied to those plios])hate 
carriers the ai)pIication of which experienc'e has tauj:;ht us often result 
in additional croj) fields, althoui^h the ])hns])horic acid which they con- 
tain is very sj^arinj^ly soluble in W’atcn*. While attempts have h(‘en made* 
to measure the ;i\ ailahility of suc'h phosphates hy their solubility in 
certain weak acids and dilute solutions,^ no satisfactory laboratory 
methods have vet been devised whic'h will accurately determiiK* the rate 
at w^hich these ])hosphates dissolve in the soil solution or ^i\e a true 
index cjf their effectiveness under soil conditions.- d'hc laboratory 
tests for the availability of ])hosphates therefore arc* larj^c'ly emiaric'al, 
havinj^ l)ec‘n built uj) or evolved hv ascertaininj^^ w^hat media will dissolve* 
those types of j)hosphates w’hich have been found effective in field 
practice. 

The tw’o iiiethcKls t^enerally c‘m])lo}ed in this country in deterniininjj 
the agricultural availahilitv' and trade value of various ])hosphatc*s are 
the ammonium citrate and the citric acid tests. The American Associa- 
tion of ( )fticial Agricultural C'hemists recognizes as availahle all the 
phosphoric acid in acid ])hos]»hate which is dissolved hy a definite volume 
of a neutral solution of ammonium citrate,^ and in the case of basic slag 

^ Williams, 1’., News, 24, j). 306 (1871): Dchcraiii, 1’. 1\, Am. 

Aj^ron., 17, p- 4*^3 (1801) ; (irulach, IVlax. LanOw. Vc'rs. Sl.il , 46, p. 201 (180p) , 
Sclilocsiiii^, 'J'., ( oiii])l. krntlii., 131, p. 140 flOOO); IVtrrman, A, KccIhtcIics. 
(Ic* ('htin. (*l JOnsiol., 3, p. SO (1808); 1 h)ffmc*is1t‘r, Wilhelm, I.aiidw. Vers. Stal., 
50, j). 3o3 (1808); b'mmrrliiiL*, Dr., hied. Ceiitr., 29, p. 75 (l-OOO); P'raps, (I. S., 
Jour. Amer. ('hem. Soc.. 28, pp. 823 834 fiono); .Stoddarl, ('. W., Wis. Ai»r. 
Kxp. Sta R( search I’ull. No. 2, pp. 50-60 (1000) ; Moore, (', (', Jour. Am. ( hem. 
Soc., 24, p. 70 (1002); l)\er, ilernard. Jour. (hem. Soc. Tiaiis, 65, j). 115 
(1804); Hall, \ D, and IMyinan, 1'. J., Jour. ('h(*m. Soc. Trans., 81, p. 117 
(1002) ; Maerckcr, M., ( hem. /til., 63 (1805) ; Jour. Assoc. Off. Agr. Chcinists, 
1, -\'o. 4, pp 4, 15 (lOp)). 

Mrarlvvell, P. L., H. I. P'xp. Sta. 18th Ann. Kep’t, p. 285 (1006); Kllett, 
W. J?., and ITill, II. H., Va. I’ohter. Inst., Agr. hX'pt. .Sta. Ann. Kep’t for 
1000 10. p. 44 (1011) ; Ihnlis<,n, W! L., Jour. Agr. Research, 6, p. 485 (1016). 

^Ofhcial & 'I'entative Methods of Anah'.scs, A. O. A. pp. 1-5 (1019). 
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has tentatively ack)j)tc(l the Wagner inetliod,^ which classes as available 
tlie percentage of phosphoiic acid diss()l\ed from 5 grams of the sample 
by 1000 cc. of a 2 per cent solution of citric acid. 

Sicawcd or l^ctjrcascd Bone . — Steamed or degreased bone is a 
])roduct ol)tained by extracting from raw bone the fat whidi renders 
the bone so resistant to ^\e.lthering inllnences and bacterial action and 
thus delays its decomposition in the soil and its effectiveness as a 
]>lios])hatc fertilizer, 'bwo general methods aie emj)loyed in removing 
the fat from bones. 'The first consists in treating them with steam 
under i)ressure, and the second in using some fat solvent, such as ben- 
zine in a closed system wherein the bones arc continually bathed in a 
hot solution of the fat extracting medium, 'fhe grease is thus dissolved 
out and the benzine recovered by distillaiion and condensation. Not 
only is the jihosjdioric acid in fat extracted bone more readily available 
to crops but th(^ jdiysical condition of th(‘ product is such that it can 
be ground much more easilv and effectively, thereby facilitating its 
uniform distribution in the field. While steamed bfaie is sonu'times 
tieated with sulfuiic acid and its phosjibate content rendered water 
soluble and thus moi(‘ (juicklv available to ciops, the usual ]>ractice is 
to a])i)ly it to the held direct. bWiK'rience has shown that finely ground 
steamed bone is undoubtedly an effective jihospliate carrier, although 
usually less than one-half its jihosphoric acid is soluble in neutral 
ammonium citrate soliuion. 

b'ven if all the degreased bone pioduced was consumed for fer- 
tilizer puri)oses it would re])iesent only a small jin^portion of the I’/lr, 
entering into agriculture. lUit bv no means all of the degreased bone 
is used in fertilizers, for bone is a very desirable and much sought raw 
material in the manufacture of ])hosphoric acid and monocalcium jihos- 
]>hate for baking ])ovvder ])urposes. A considerable tonnage of bones 
and certain other by-jiroducts of the i)acking industry is also used in 
the manufacture of glue and gelatin, which in turn yields a b> -product 
of dicalcium or prccijhtated phosjdiate having a high agricultural value. 

Dicalcium Phosphate. — Aiier bones have been largely degreased 
either by a preliminary boiling or by extraction wath benzine, they con- 
sist largely of tricalcium phos]>hate and an organic material known as 
ossein. On leaching degreased bone with weak hydrochloric acid (a 2 
to 5 per cent solution) the tricalcium phos])hate is completely dissolved, 
yielding a solution of monocalcium ])hosj)hate and calcium chloride, 
thus : 

Ca;(r 04)2 +4110-^ 2CaCL + ('alliOH > 02 . 


Mtkm. p. 14 (1019). 
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To this solution milk of lime is then carefully added in sufficient 
quantity to produce dicalcium phosj)liate, thus : 

CaTT,(P()4). + CaO = 2 CaIIP 04 + H,0. 

During the addition of the milk of lime filtered sam]>lcs of the solu- 
tion are tested from time to time to avoid an excess of base which would 
cause the formation of tricalcium phosjdiate. 

The precipitate of dicalciiim phosphate is then washed (with the 
minimum amount of water) free of calcium chloride in a Jilter press 
dried and sold either as a fertilizer material or used in the manufacture 
of bone china. 

Dicalcium phosjihate dissolves completely in a neutral solution of 
ammonium citrate and hence is classed as agriculturally available. 

The undissedved residue resulting from the acid extraction of the 
degreased bone is soaked, limed, washed, neutralized and boiled to 
convert it into glue or gelatin, the manufacturing details of which arc 
ably described by 1\. If. Ifoguc,® J. Alexander and T. Lambert,^ and 
therefore will not be treated here. 

Available Phosphates Produced Jyy Processes Used in Connection 
uuth the Iron and Steel Industries. — A number of processes have been 
patented for producing available phosphates by heat treatment. The 
various steps being preferably conducted in connection with the pro- 
duction of iron and steel in order to utilize to the lK"st jxjssible advan- 
tage a portion of the enormous amount of heat which goes to waste at 
such plants. These processes arc listed in the Ap])endix, under Table 
hXIX. 

A brief discussion of one or two of those which have features of 
commercial importance ajqx'ars desirable. 

The processes of flowe and Stead and of Keese ^ have for their 
object the enrichment of slags by the addition of phosphate rock. In 
both of these ])rocesses the j)hos])hatc rock is mixed with the slag in 
the furnace, lime being added if necessary. While there is little doubt 
that such a procedure would result in a highly phos])hatic slag in which 
the phosphoric acid is available according to certain conventional labora- 
tory tests, and i)robably also under field conditions, the prejudice against 
the addition of phos])hatic materials to a furnace the 'prime purixjse of 
which is to produce metal free from phosphorus would be such as to 
make it impractical to use this method of enriching slags low in plios- 

“The Chemistry and Technology of Gelatin, and Glue, 644 pages, McGraw- 
Hill Book Co. (192.^. 

®Glue and (jchitin, 236 pages, Chemical Catalog Co. (1923). 

^ Bone Products and Manures, 284 pages, Scott, (irccnwood and Son (1925). 

* V. S. Patent 535,204. 

•U. S. Patent 714,331. 
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phoric acid. It has also l)eeTi proposed to add phosphate rock to the 
molten slag as it issues from the furnace,^** the assiimj)tion l)eiiig that 
there would be a rcactum l)ctweeii the rock and tlie molten slag and 
the phosphoric acid in the linal ])roduct would Ik* in an available con- 
dition. lip to the present, however, this has not been accomplished 
successfully and it seems to be largely a (piestion of the mechanical 
difficulty in obtaining a sufficiently intimate mixture between the two 
materials to bring about the desired reactions before the slag cools and 
hardens. The other processes of Reese are little more than modified 
forms of the Thomas and Gilchrist method of manufacturing basic, 
slag for fertilizer purposes, excejit that phosphate rock is added to the 
furnace charge to insure the production of a highly phosphatic slag. 

Basic Slag , — By far the greatest source of so-called available i’aOo 
for fertilizer purposes, but a product which is used much more exten- 
sively in F.urope than in this country, is the basic slag obtained as a 
by-product in the manufacture of steel by either the basic Bessemer 
or the basic o\x'n hearth process. The consumption of basic slag as a 
phosphate fertilizer is second only to that of acid jihosphate and dur- 
ing the late war certain countries, particularly (jermany, had to dej>end 
largely on this material to meet its agricultural demand for phosphoric 
acid. 

The latest available statistics showing the production of basic slag 
in the more imixirtant European countries are given below in I'able 
XIX. 

Basic slag was first produced in efforts to handle highly phosphatic 
iron ores which were formerly considered unfit for smelling ])urj)oses 
because of the deleterious effect of phosphorus upon steel which is to 
be used for structural purposes or sulmiitted to heavy strains. In 1878, 
however, two Englishmen, Idiomas and (iilchrist, worked out a process 
for completely removing this element from pig iron so that high grade 
steel could be manufactured from these phosphatic ores. Seven or 
eight years later it was found that the basic slag obtained as a by-product 
in this process was an excellent phosjihatic fertilizer. 

* The equipment used in the basic Bessemer process consists of a 
pear-shai:)ed steel vessel (known as a converter) open at the to]) and 
provided with a number of inlets in its bottom for the introduction of 
air under heavy pressure. This vessel may be tilted on a horizontal axis 
to allow for the introduction of the molten iron and for pouring the 
slag and steel produced. It is lined with suitable basic materials (dolo- 
mite and limestone) which have a strong affinity for phosphoric acid 

“Jones, W. S., The Importance of Low Grade Basic Sla^, Trans, of the 
Faraday Soc., Vol. 16, Part 2, p. 324 (1921). 

“ U. S. Patents 412,792 and 412,793. 
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hearth basic sla^ containing from 7 to 10 per cent P-Oq fiO i^r cent 
citric soluble) in tlie manufacture of whicli considerable (juantities of 
lluospar (C'al\. ) ha\e Ixrn employed. 

Accordiiif^ to \on Mayer * ' the com])ositioii (»f basic Pessenier slag 
falls within the limits given in Table X\. 


T \n\Ai XX 


C'oMl'OSI 1 1()\ ()I r.\su Hissl-Ml-K Si \{.S \(((»kl)l\(. lO \()V Mvvhk 


( 'nnstltlU'lll 


SiC)2 
C’a(J 
Pe..()a 
Mn( 
AL.( h 
My( ) 
S ... 


J ’crci*ntajL»i‘ C'oinposil up 
11.0 to J.l.O 

31) to 13 0 
3S0 to 50 0 

0 0 to 35 0 

1 0 to ().0 

0 2 0) 3.7 

2.0 to SO 
0.2 to 11.4 


While it is highly essential that the sdica content of the slag should 
be ke])t down during the “blow” in order to insure the conijilete elimina- 
tion of the ])hosi)horus from the steel it has been re])eatetlly demon- 
strated that in slags of etjual Tjt ). content those ha\ing the higher per- 
centage of silica usually show a greater availabilit} both by laboratory 
and iield tests.* ^ it is therefore customary to add silica to the molten 
slag w'hen it is poured from the coinerter and \\ agner * ' stales that the 
availability of the PjO. is thus increased fnini 10 to 30 ])er cent. 

The effective fertilizer ingredient in basic slag is generally believed 
to be tetracalcium jdiosphate (C'ail*_.f )., ) and in fact the ])resence of this 
compound has been determined In a number of in\esligat«)rs."* The 
mineral “Isoklas” ( ( a ,Pj( Is.Cal ( )I I ) ,.41 Ij( ) ) wdiich is found with 
hornstone or brow’n spar is the nearest aj^proach to tetracalcium ])hos- 
phate occurring in nature.*' 

l>y no nu'ans all of the ])hos])horic acid ])resent in basic slag is 
combined as tetracalcium ]jhos])hate for other crystalline com])ounds 
containing P-jH, combined with lime and silica have b(‘en identified.' 


Agricnltur C'liemie, Vnl. 2, ]). 133. 

"Wagner, I )iiiigiiiigsl lageii, Vb»]. 1, ]». 28 ; Maerckei, l)eutselu* Laiulw. 

IVesse, No 82, p. 83 (18‘)r>). 
cit. 

Hilgeiistock. (k, Staid ii Fisi*n (1883); Otto, t'liein. Zeit., \ ol 11, p. 255 
n887) ; W ile> anrl Krug, Jour \n.d. ('lieiii, Vol. 5, p (»85 (18^M), Jnitscli, 
Alfr. oi Chtni Manurfs. i)p. 202-4 (1011). 

"Dana, \ S^^teln of Mineralogx, p. 835 (1014). 

"" Cani'ot, Kichard and Daiibre, Coinpt. Rend., Vol. 07. j). 13() (1883), Stead 
and Red.sdale. 'frans. ( hem. Soc., \'ol. 51, p. (>01 (1887); Kroll, Jour. Iron & 
.Steel Inst., Vol. 2, j). 12(> (1911). 
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llilj^ciislock and C'arnot found tliat diffciiMil types of crystals fol- 
lowed one another in regular se(|nence in the molten mass and that 
towards the end of the “hl(»w” when the hath was richer in silica, blue 


crystals ha\ing the composititni I*. ( K.5( n( ) were found. KolP** 

j»i\es the followdnj^ list of compounds the presence of wdiich has been 
determined in basic sla<^. 

Silico-carnotite a( ). : J ( at ).Sit )j 

1 lilj 2 ;enstockile 4 C'a( 

Sleadite 3 ( .U a( ).!*(), ) : J ( a( ) : J Cat ).Si( ), 

'I'homasile (> ( at ).l\( )., ; Jh'et kSit ). 


The first of these silict) phos])hates w^a^ later ]>repared synthetically 
by I kiinhridi^e ““ and found to be \ery much moie soliibk* in 1 per cent 
citric acid than t(‘tracalcium ])hos])hate. 

Waj^ner belie\e(l that the I’jt), in basic slaij is in the form of a 
doul)le salt of crdcium phnsphat(‘ and calcium silicat(* and that jirohahly 
some of the I'/ )„ is united witli inni as basic iron jdiosphate. Cameron 
v't liell state that tlie efficienc\ of basic slai; sec'ins t(j dej)end chietly 
on the de^M-ee of iineness to whith it is ground and that the tetracalcium 
phos])hate it contains is piol^ahly unstable in a(jiieous solutions. Accord- 
ing^ to Jvussell it is !L;enerall\ helie\(‘d in ( Ireat Britain that the r.3 >5 
in basic sla.i; is ('ombined as a silico ]’hnsphat<‘ which is assumed to have 
a flifferent ])h} siolo^ical action in the soil than the ordinary mineral 
[)hosphates. 

Whatever the eomjiounds of ]»hos])horus mav be in l^isic sla}^ (free 
from lluorint ), care* full)’ controlled ]>ot and held e,\periments have 
shown that the contained llu*rein is readily available under soil 

conditions. 

When basic slri” was first placed U])on the market it w’as customary 
to sell it on the basis of its total content and the de^^rec* of fine 

n(*ss to vvhi('h it was i^ioiind. 'These sj)ecifK atioiis, how^ever, led to the 
adulteration of basic sla^ with tinely .ground phosi>hate rock wdiich 
necessitated devising sonn* method by which a mixture of the two 
materials mii;ht be identified, luir this ]>ur])os(‘ W'a^nei projiosed 
a mixture of dilute* ammonium citrate and free citric acid. I-at(‘r the 
I nion of ( lerman J^Ajieriment Stations at Kiel in September, 1X06, 
ado])ted the 1 per cent citric acid test and did aw’ay with the total IVfls 
standard and hneness of jiroduct. This test wdiich has also been tenta- 

’''Fiilscli, Mir. <»f ( lu‘in. Mannus, ]>. J()5 (P^IH. 

^‘'Jonr. Iron \ Stce‘l Jnsiilule, \ ol. 1 , p 12f) (P)ll). 

('arnei'ie Scholarship Mem<ars, part III, p. 14, Iron & .Steel Institute (PI2()). 
Ihill. 41. liiiieaii of Soils. T. S. lUpt. of A^ric. (1007). 

“^1'rans. Faraday Soc., \'ol. lo, pt. 2, p. 205 (1020;. 

*■* C hem. ZeitiiriR, Vol. 19, No. 03, p. 1419 (1895). 
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tively a(loi)tccl in the United States was applied after checking the 
solul)ility of J^Or, in this medium with the results ol)tained by pot ex- 
periments. Tn the following table given by Lindsey it will be seen 
that in the majority of cases results obtained by these two methods 
checked fairly closely. 

llasic slag is also soluble in carbonated waters and in the following 
table the results obtained by Reis and Arens and quoted by b"ritsch^’® 
show the relative solubility of .several slags and various other jdio.sphate- 
bearing materials in water saturated with CO^. It will be noted that in 
most instances the !*:.( )r. in the slags has a much higher solubility than 
that in bone, ])hosi)horite or even dicjilcium phosphate. 


TABLE XXI 

Relation Between jite SoLuniLny of trf IV )b of Basic SL\r. in 2 Per Cent 
Citric Acid and lis AvAiLAHiuTy as Shown iiy Pot JCxderiments 


Brand of Slag 

Availability of IV )5 

Number 

In 2 Per C'enl 
Citric Acid 

In l\>t Tests 

1 

100 

100 

:> 

85 

80 

^ 

81 

72 

4 

72 

72 

5 

73 

66 

() 

76 

63 

7 

39 

40 

8 

48 

38 

9 

42 

38 

10 

45 

31 

11 

38 

30 



According to Kaysser the availability of basic slag is materially 
affected by the rate at which the material is cooled after being tajqied 
from the furnace. The RnOr. in slags which have been rapidly cooled 
shows a higher solubility in 2 jier cent citric acid than that in slags 
which are allowed to cool slowly. This greater solubility of the former 
slags is due it is claimed to the formation of less basic j)hosi)hates than 
occur in the slowly cooled slag mass. PVitsch on the other hand 
states that basic slag which is allowed to cool slowly in large blocks is 
as a rule much more readily ground than that which has been rapidly 
cooled hy pouring it into relatively thin layers. 

“Loc. cit. 

“ Mass. Kxper. Sla., 22nd Annual Report, part 1, p. 79. 

“Mfr. of Chem. Manure.s, p. 209 (1911). 

*’Chem. Ztg, Vol. 44. p. 826 (1920). 

® Mfr, of Chem. Manures, p. 212 (1921). 






TABLE XXII 

Solubility of Basic Slag in Water Saturated with Carbonic Acid 
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Like all materials, however, which arc not readily soluble in water 
the distribution of l)asic slapf in the soil and its effectiveness as a fer- 
tilizer are necessarily dependent upon the degree of fineness to which 
it is ground. On account of its hardness and also because of the metal 
contained therein machinery of the type usually employed for grinding 
phosphate rock is not adapted for pulverizing slag. Ball or tube mills 
therefore arc used and a product 90 jxir cent of which will pass a 100 
mesh screen thus obtained. 

Considerable concern is being exjiressed by English agriculturists 
because of the tendency 1o replace the basic Bessemer method by the 
basic open hearth process which is .said to be more economical. The 
chief aim of the steel manufacturer is to ])ro(luce metal at the lowest 
possible cost and the added value of the basic slag produced by the 
former jirocess is insuflicient to offset the saving effected in manufac- 
turing the main jiroduct by the latter method. 

Russell‘S” states that from the steel manufacturer’s viewpoint basic 
Bessemer slag is relatively unim])ortant. Only about 400 lbs. of this 
slag are oljtaincd for every ton of steel produced and where this amount 
of steel brings at least $50.00, the 4(X) lbs. of slag are worth only al)out 
$1.12 to the steel manufacturer and less than $4.(X) even after being 
graded, ground and sacked. 

Not only is the B^Oo content of the average basic o])en hearth slag 
considerably lowx‘r than that of basic Bessemer slag l)Ut in recent years 
the manufacturer has lieen adding fluorspar (Cah\) to the metal bath 
which decreases greatly the citric solubility and agricultural availability 
of the slag due to the formation of compounds analogous to ai>atite.^^ 

In order to meet these changing conditions in the manufacture of 
steel without .sacrificing the agricultural availability of basic slag, and 
also with a view to increasing the percentage of available P-Og in slags 
produced from iron ores low in phos])horus, a number of schemes have 
been suggested for the enrichment of this important hy-])roduct of the 
steel industry. 

One of these general schemes is to add a certain amount of phos- 
phate rock to the charge of either the basic Bessemer converter or the 
basic open hearth furnace. In the ])roccss of Howe and Stead it is 
pro|X)sed to charge preheated phosphate rock into the basic Bessemer 
converter along with sufficient lime to insure a slag as basic as tetra- 
calcium phos])hate. d'hc molten iron is then poured on this mass and the 

"Tran^. t)f Fara(la> Society, Vol. 16, pt. 2, p. 26.^ (1920). 

Robert son, (i. .S., Basic Slays and Rock IMiosphales, Cambridge Agric. 
Monographs, preface p. viii, by E. J. Russell (1922). 

Stead, Bainbridge and Jackson, Trans, of Faraday Society, Vol. 16, pt. 2, 
p. 302 (1920) ; Bainbridge, Carnegie Scholarship Alemoirs, pt. 3, p. 14 (1917). 

«U. S. Patent 535,204 (1895). 
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‘‘blow’’ conauctea in the usual way. The inventors claim that in this 
process a slag very rich in citric soluble PoOr, is oljtained. While there 
is little doubt that such a procedure would result in a highly phosphatic 
slag in which the phosphoric acid is readily available under field condi- 
tions, the prejudice against the addition of phosphatic materials to either 
the open hearth or Ilessemer furnace the prime purpose of which is to 
produce metal free from phosphorus renders it impractical to use this 
method of enriching slags low in phosphoric acid. Moreover, Jones 
states that the solubility of the added phosphate is not increased in the 
open hearth furnace unless the charge is allowed to remain on the hearth 
too long for economical oi:)eration. 

With the same end in view it has been pro])Osed to add finely ground 
phosphate rock to the molten slag as the latter is tapped from the 
furnace the assum]3tion being that there would be a reaction between 
the rock and the molten slag and the phosphoric acid in the final prod- 
uct would be in an available condition. ITp to the i)rcsent, however, ’ 
this has not been accom]3lished successfully and it seems to be largely a 
question of the mechanical difficulty in obtaining a sufficiently intimate 
mixture between the two materials to bring about the desired reactions 
before the slag cools and hardens. The senior author, however, in a 
series of experiments on the enrichment of slags obtained both citric 
soluble phos])horic acid and i)otash by smelting suitable mixtures of 
basic open hearth slag, ])hos])hatc rock and feldsi)ar and it would seem 
that this method of utilizing the heat energy of molten slags should 
be eventually worked out. 

Reese suggests mixing phosphate rock with basic open hearth 
slag and 5 i)er cent of manganese dioxide and the fusion of this mixture 
in a cu]X3la furnace under oxidizing conditions, but since this process 
apparently involves first cooling the slag so it may be broken u]) and 
mixed with the ]3hosphate it hardly appears to the authors as economical. 

Another suggestion which has been made is to add phosphate rock 
or low grade phosphatic slag to the charge in the blast furnace in order 
to produce a pig iron rich in i)hosphorus which may be subsequently 
dephosphatized in the steel furnace with the production of a highly 
phosphatic slag. A modification of this process has been patented by 
W. R. Walker but it is doubtful if this method could be successfully 
used except in connection with the basic Bessemer process. 

It seems to be generally believed, however, that the most practical 

“Trans, of Taraday Society, Vol. 16, pt. 2, p. 325 (1920). 

“Jones, W. S., The Importance of I.ow Grade Basic Slag, Trans, of the 
Faraday Soc.. Vol. 16, Part 2, p. 324 (1920). 

“Bull. 95, Bureau of Soil.s, U. S. Dept. Agriculture (1913). 

“U. S. Patent Nos. 714,330, 714,331 (1902). 

"U. S. Patent No. 1,299,072 (1919). 
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means of obtaining a highly phosphalic slag when manufacturing steel 
by the basic open hearth method is to use a duplex process. In the 
Bertrand-Thiel process two furnaces are used, in the first of which 
pig iron without scrap is smelted with highly liasic materials. Prac- 
tically all of the i>hosphorus and silicon arc removed from the metal in 
this primary furnace and a highly phosphatic slag is obtained. The 
metal is then transferred to a secondary furnace containing limestone 
scrap and fluorsjxir and the refining of the steel thus comjileted. The 
American Diijilex method as described by McCaffrey which is suc- 
cessfully practiced in this country is almost the reverse of the above 
since the metal is first dcsiliconized in an acid T>essemer converter, the 
siliceous slag tapped off and the metal then charged to a basic open 
hearth furnace in order to remove the phosfihorus. Tt is understood 
that the one concern which manufactures basic i)hosj)hatic slag in 
the United States employs a duplex process. 

A number of other processes have been patented for i)roducing 
available phosjdiates b}’^ heat treatment, the various ste])s lieing jnef- 
erably conducted in connection with the production of iron and steel 
in order to utilize to the best iK)ssible advantage a ix)rtion of the enor- 
mous amount of heat which goes to waste at such plants. These proc- 
esses are listed in the Appendix, under Tal)le TAXVI. 

The use of basic slag in American agriculture is rather limited, and 
most of that which is consumed is inii)orted from abroad. This is not 
due to lack of appreciation of the merits of ibis ])r()(luct but to the fact 
that the bulk of the iron ores used for the manufacture of steel are 
so low in phosphorus that the slags obtained contain only very small 
percentages of phosphoric acid. In addition to this, our enormous 
deposits of phosphate rock, and large out])Ut of sulfuric acid have made 
it possible to obtain soluble ])ho.sphates at such a low price that it is 
difficult for basic slag to comj)ele with them. 

Calcination Processes for the Production of Available Phosphates. 

With the idea of doing away with the use of sulfuric acid for the 
manufacture of soluble phosphates, investigators have si)ent consider- 
able time and effort on calcination jirocesses wherein jdiosphate rock is 
heated with one or more chea]) reagents intended to either bring about 
the decomposition of the mineral or so alter its i)hysical structure that 
the product conforms to the conventional tests sj)ecified as measures 
of agricultural availability. While available ])hos])hates i)roduced by 
calcination processes would meet a demand in certain .sections where a 

“Transactions of the Faraday Society, Vol. 16. pt. 2, p. 326 (1920). 

“hla.st Furnace and Steel Plant, Vol. 7, p. 287 (1918). 

^Tennessee Coal and Iron Railroad Co., Biriningliani, Ala. 



SO-^CALLED AVAILABLE PHOSPHATES 121 

popular prejudice exists against fertilizers of an acid nature, these 
processes have been investigated chiefly for ecoiKMuic reasons, since 
they seem to offer a means of utilizing low grade phosphate rock or 
mineral phosphates containing certain impurities, rendering them unfit 
for treatment with sulfuric acid. Even where lower grades of phos- 
phate are treated hy these calcination processes, the final pnjducts 
usually contain higher percentages of phosphoric acid than ordinary 
acid phosphate, and therefore if the cost of producing the unit of avail- 
able phosphoric acid were no less than that obtained by the sulfuric acid 
method, the saving effected in transportation and handling charges on 
the more concentrated products should give the latter a considerable 
economic advantage. 

While much research work has l>een conducted on calcination 
processes, there is comparatively little recorded outside of the j^atent 
literature. Some of the processes described below have been unques- 
tionably tried out on a commercial or semi-commercial scale, and in 
some instances successful results have been reix^rted, but apparently 
certain mechanical or chemical problems have arisen which make it 
difficult to obtain a product in which the phosjdioric acid is uniformly 
available. 

Phosphate Rock, Silica and IJmc . — There are five patents in which 
it is claimed that the heating of phosphate rock with silica alone or 
with silica and an alkaline earth comiX)und brings about reactions in 
which the idiosphate is rendered citrate soluble. In the process of 
DeC'halniot and Downs mixtures of phosjdiate rock and sand are 
heated with the idea of bringing about a combination between the silica 
and phosphate rock, producing a compound somewhat analogous to that 
found in the basic slag obtained by the basic open hearth or basic 
Bessemer process. Temperatures, however, are not raised sufficiently 
high to form even a clinker, and it hardly seems ix)ssible that any sub- 
stantial conversion of the calcium phosphate into more complex com- 
pounds could be brought about under the conditions mentioned. No 
particular time for the heating process is specified, but the final product 
is said to contain an average of 20 to 22 per cent of P 2 O 5 , all of which 
is soluble in 2 per cent citric acid. 

In the process of Stead both lime and silica are mixed with phos- 
phate rock and the mass heated to a smelting temperature. In order 
to reduce the melting point of these mixtures, mill cinder or some iron- 
bearing mineral is added. The inventor claims that a product containing 
a comix)und of the definite formula CasPjSiOio is obtained, which is 

“U. S. Patent No. 588,266 (1897). 

"IT. S. Patent No. 1,120,917 (1914). 

"U. S. Patent No. 589,197 (1897). 
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readily available under soil conditions. In Zilk's process,^* finely 
ground coke and limestone are mixed with phosphate rock, the mass 
moistened with water to form a paste and heated in a rotary kiln to 
1300® to 1400® F. for a period not exceeding hours. It is claimed 
that the resultant mass which may be easily crushed contains P^Os in a 
readily available form. The inventor states that care must be taken 
to prevent overheating of the mass and the production of hard clinkers. 

The experience of the senior author has been, however, that in heat- 
ing mixtures of phosphate rock and siliceous materials without the addi- 
tion of an alkali metal salt, it is difficult to obtain a product in which 
the phosphoric acid is available until a sufficiently high temperature 
(1400® to 1500® C.) is attained to smelt the mass. Moreover, unless 
the charge is quite basic, a imrtial volatilization or loss of phos])horic 
acid may take place at high temperatures, particularly if a reducing 
agent such as coke is present. 

Phosphate Rock and Potash Silicates . — With the idea of obtaining 
both potash and phosphoric acid in available forms, a number of in- 
vestigators have proi)osed mixing a potash bearing mineral such as 
feldspar with the phos])hate charge and heating these mixtures to a 
temperature where double decomi)osition occurs. Typical examples of 
such processes are those of Meriwether,^'^ Cowles,*® and Delacourt,*^ in 
none of which is a soluble alkali metal compound employed. Cowles 
proposes to heat in a rotary kiln a mixture of phosphate rock and a 
jxjtash bearing silicate to a temperature ranging between 1000® and 
1700® C. The two minerals are mixed in such proportions that there 
are present two molecular weights of lime for each molecular weight 
of silica. The inventor assumes that the phosphoric acid in the resultant 
product is combined with potash and alumina and that the lime is largely 
in the form of silicate. He further claims that while both the potash 
and phosphoric acid may be readily leached from this calcined mass by 
means of a mineral acid, the material may be used as a fertilizer by 
grinding it and applying it directly to the soil without further treatment. 

Delacourt’s process is very similar to that just de.scribed, except that 
free silica is mixed with the charge in addition to that pre.sent in the 
p)Otash silicate. This investigator further stipulates a temperature of 
1000® to 1100® C. and the maintenance of oxidizing conditions to pre- 
vent the reduction of phosphoric acid. The product, it is claimed, con- 
sists of a mixture of potassium calcium ])hosphate and calcium silicate. 

In some rather exhaustive exi)erimental work conducted by the 

**V. S. Patc-nt No. 1,236.812, 1.247,059 (1917). • 

"U. S. Patent No. 1,016.352 (1912). 

^U. S. Patent No. 1,126.408 (1914). 

"U. .S. Patent No. 1,282,385 (1918). 

“Loc. cit. 
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senior author,^® it was found that by heating the proper proportions 
of feldsi>ar and phosphatic limestone with the addition of small amounts 
of iron and alumina to lower the melting ix)int of the mixture, slags 
could be obtained in which the bulk of both the potash and phosphoric 
acid present was in a condition soluble in 2 per cent citric acid. 

While citric soluble potash was readily obtained by heating various 
mixtures of felds^Dar and phosphatic limestone over a wide range of 
temperatures, the limits within which the maximum yields of citric solu- 
ble phosphoric acid arc obtained arc quite narrow, both in respect to 
the proi)ortion of the ingredients in the mixture and the length of timel 
of heating. 

In Table XXllI is given the comiX)siti()n of the materials used in 
these experiments, and in Table XXIV the proportions employed for 
the best results, and the effect of various tcmi)eratnres on the avail- 
ability of the i)hosphoric acid and potash. 

It is shown in Table XXIV that when the mixture was heated to 
1200° C'. for about twenty minutes the fusion was not complete and only 
a little more than 21 per cent of the total phosphoric acid present was 
citric soluble ; over 88 per cent of the pota.sh, however, was soluble in the 
same medium. Uix)n raising the tem])erature to 1400° (\ and main- 
taining it there for twenty minutes the fusion became quite fluid, and, 
although small amounts of potash and phosjdioric acid were lost through 
volatilization, the remainder of these ingredients was entirely soluble 
in 2 per cent citric acid. After heating the mixture for one hour longer 
at the same temperature almost 50 per cent of the ])hosphoric acid and 
more than 15 j^er cent of the potash were volatilized, and upon heating 
for three hours more the i)hosphoric acid was still further reduced. 

The sample richest in citric soluble phosphoric acid and i)otash 
(33S B) was submitted to a microscopic examination and found to be 
isotropic and possessed all the external characteristics of a glass. 

According to a recent report a product known as Rhcnania Phos- 
phate is being manufactured in commercial quantities in (icrmany by 
a process similar to those just described. Briefly, this method consists 
in heating to 1200° to 1300° C. an intimate mixture of i)hosphate rock, 
limestone and a potash silicate such as phonolite. The main product 
is said to have the ajjproximale formula 

K 

(CaO) 0(P,0,) 

2Na 

*’Waggaman, \V. IT., Bull. 143, U. S. Dept. Agric. (1914). 

“Rhcnania Phosphate, Zeitschrift fiir Angewandte Chemic, October 3, 1922; 
abstracted and translated by S. J. Lloyd in the American Fertilizer, Vol. 57, No. 
13, p. 38, December 30 (1922). 
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but there are also present in the resultant mass, calcium silicate and 
aluminate. 

The material is discharged from the furnace or kiln as a brown sin- 
ter or clinker and after cooling is finely ground and sold as a i)otash- 
phosphate fertilizer. 

The composition of this j>roduct varies according to the nature and 
purity of the minerals employed but is said to lie between the following 
limits. 

Pot^r, = 15 to 25 Per cent 
K,0,Na,0 = 8 to 15 Per cent 
SiOo = 10 to 20 Per cent 
CaO = 35 to 40 Per cent 

While the percentage of water soluble phosjdioric acid in Rhenania 
Phosphate is very low, it is claimed that SK) per cent is available accord- 
ing to the 2 per cent citric acid test, the bulk of it is soluble in alkaline 
ammonium citrate (which has little effect on basic slag), and 75 per 
cent is dissolved by carbonated waters. It is also said tliat the potash 
in this product is in an available form but no mention is made of the 
test applied in determining the availability of this latter fertilizer constit- 
uent. 

Phosphate Rock and an Alkali Metal Hydroxide or Carbonate, 
Wiborgh,^'^ Conner,®^ Newberry,®** Galt,®^ and Stoppani and Volpato 
have proposed heating to bright redness in a suitable furnace intimate 
mixtures of finely ground phosphate rock and an alkali metal hydroxide 
or carbonate until a sintered or semi-fused mass is obtained. 

While the same general principle is employed in all of the processes 
listed above the mode of procedure and the proportions of the several 
ingredients used are varied by the inventors. There also appears to be 
a wide difference of oinnion regarding the chemical reactions involved. 

Wiborgh’s process was apparently designed to treat Norwegian 
ai)atite and consists in mixing 100 parts of this mineral with 32 parts 
of sodium carbonate (or its equivalent of NaOlI) and raising the mass 
to a red or yellow heat in order to obtain what he terms tetra-calcium- 
sodium phosphate to which he assigns the following formula : 

lOCaO. 2Na20. 3P,C)5 

This product is said to be insoluble in water but readily soluble in am- 
monium citrate. 

'‘U. S. Patent No. 601,089 (1898). 

“U. S. Patent No. 931,846 (1909); 1,042,400: 1,042,401 (1912). 

«U. S. Patent No. 978,193 (1910). 

“U. S. Patent No. 1,016,989 (1912). 

“U. S. Patent No. 1,267,473 (1918). 
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In Connor’s process one part of soda ash and two parts of lime are 
mixed with five parts of finely ground siliceous phosphate rock, the 
mass made into a paste with water, and heated for hours at a tem- 
perature ranging between 1500° and 2000° F. The reaction which is 
said to take place is expressed as follows : 


Caa(P 04)2 + 2SiO, + 2Na()II + CaO Ca,Nao(POi)o 
+ 2CaSiC)3 + HoO. 


Galt proposes to utilize the linie-mud which is a waste product 
obtained in the manufacture of caustic soda and contains a sufficient 
quantity of the latter compound to make it useful as a reagent in treatV 
ing phosphate minerals. He suggests, however, that if the quantity oil 
NaOH present in the lime-mud is insufficient, that it be reenforced with\ 
soda ash. He claims that by heating the various ingredients in the f()l-\ 
lowing proportions to a temi)erature of 2000° F. that the phosphate 
rock is decomposed and either sodium pyrophosphate or trisodium phos- 
phate is formed : 

Low grade phosphate rock 1256 pounds 

Lime-mud 1570 

Soda ash 410 

Water 314 " 

In the patent of Stoppani and V'olpato, the i)rocess under which 
the Italian fertilizer known as “Tetraphosphate” is manufactured,''^® 
the inventors claim that by quenching the calcined ])roduct with water 
as it is discharged from the kiln the availability of the phosphoric acid 
contained therein is appreciably increased. 

Since the base used in these j>rocesses is not combined with a strong 
acid, there is little doubt that reactions would take place which would 
actually change the comjx)siti()n of the phosphate rock, the product 
being more basic than the original mineral and ])r()bably having bcah 
sodium and calcium combined with ])h()si)horic acid. C3n the other 
hand, it would seem that the use of the relatively large quantities of 
high priced soda compounds (NaoCO, and NaOII ) specified in several 
of these patents and the prolonged heating of the mixtures would tend 
to oflfset largely any saving effected from the use of lower grades of 
phosphate rock. At least one of these processes was tried out in a com- 
mercial way, in Tennessee some years ago but apparently was not suc- 
cessful. 

“ Tetraphosphale, a special Italian fertilizer; American Fertilizer, Vol 51, 
p. 58, Nov. 22, 1919; Bruno, A., Compt. Rend. Acad. Agr., Vol. 4, pp. 322-4 
0918). 
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Phosphate Rack and an Alkali Metal Salt. Probably the calcina- 
tion processes which have received the most thorough investigation are 
those in which an alkali metal compound (usually Na 2 S 04 or NaHS 04 ) 
is mixed with phosphate rock in relatively small quantities and heated 
in a furnace to a temperature where the acid radical of the salt is volati- 
lized and frequently part of the alkali base as well. This general scheme 
is varied by a number of inventors, silica, silicates or carbonates being 
used in addition to the alkali salt mentioned above. Typical examples 
of these processes are furnished by the patents of Newberry and Bar- 
rett,®^ Newberry and Fishburne,"’® Landis, Soi)er,‘‘’“ Kreiss and 
Meyer s.““ Practically all of these inventors agree that in order to 
obtain a product in which P 2 C)o is readily available it is necessary that 
the mass be thoroughly impregnated with the alkali metal compound 
during the early stages of the heating, and that the mixture be main- 
tained in a porous condition throughout the operation. The tempera- 
tures six 2 cified by the various inventors range all the way from 1000° 
to 1500° C. 

Of these processes the one which has recently attracted considerable 
attention is that of A. L. Kreiss. In his first jxitent, the inventor claims 
the method of producing available (citrate soluble) phosphoric acid and 
water soluble ])otash, consisting in intimately mixing finely ground 
j)hosphate rock (1 to 2 jxirts) and feldspar (J4 to 1 part) with one or 
more soluble alkali salts (j /2 to 1 part) and heating the mixture in a 
rotary kiln with a reducing flame. In his second patent, an improve- 
ment over the first method is claimed since the expense of shipping and 
grinding the i)hosphate is obviated and a more intimate mixture of the 
rock materials obtained by imi)regnating the unground jihosphate with 
the solution of alkali metal salts in the cooler part of the rotary kiln 
where the temperature ranges between 100° and 500° C. It is said that 
the impregnated phosphate nodules or lumps burst open or disintegrate 
as these enter the hotter zone of the kiln (where the temperature ranges 
between 500° and 1070° C.) and the mass finally reacts and forms 
citrate soluble phosphoric acid and water soluble potash. At least one 
plant has been erected in Florida for producing this material on a com- 
mercial scale and some of the product is now offered on the market. 

Fishburne in a relatively recent article on calcined phosphates re- 

"U. S. Patents Nos. 1,158,711; 1,162,802; 1,162,944 (1915); 1,173,303; 
1,174,176 (1916). 

“U. S. Patent No. 1,194,219 (1916). 

“U. S. Patent No. 1,094,857 (1914). 

S. Patent No. 1,281,681 (1918); 1,396,149; 1,396,975 (1921). 

“U. S. Patent No. 1.366,569 (1921); 1,413,168 (1922). 

“U. S. Patent No. 1,578,339 (1926). 

“Another Process for Calcining Phosphate Rock, American Fertilizer, Vol. 
62, p. 21, May 2, 1925. 
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views the patents owned or controlled by him and describes the condi- 
tions under which he considers the best results arc (obtained. 

According to his exj)ericncc, it is highly imi)ortant to have the mix- 
ture of phosphate rock and alkali metal salt constantly agitated during 
the healing j)rocess and a stream of gas sweeping over and through the 
mass. He also states that in order to obtain the maximum quantity of 
available PoOo the final product should not be fused but discharged in 
the form of a porous clinker which can be readily crushed between the 
fingers, lie claims that the type of apparatus best suited for carrying 
out this calcination process is the direct fired rotary kiln. 

The following description of the reagents used and the method pra- 
jiosed for producing calcined phosphates is quoted from Fishburne $ 
article : 

“As a practical example of our process, we take ordinary phosphate'^ 
rock and pulverize it; then we add to it from 5 to 15 per cent of its 
weight of one of the reagents above named, or of a mixture of two or 
more such reagents. We prefer to use sodium sulphate or bisulphate 
on account of the cheapness of these reagents, and the ease with which 
they undergo decomposition under the conditions of calcination herein 
described. The mixture is then so prepared that it will become porous, 
and it is then introduced gradually into the upper or feed end of a re- 
volving cylindrical kiln, lined with refractory material preferably of a 
basic character and internally heated by a flame of coal dust, oil or gas. 
The kiln is slightly inclined toward the fire end, and revolves at a rale 
of about one revolution in one or two minutes. 

“"J'he fuel is fed into the kiln in intimate mixture with air, and addi- 
tional air is admitted in such amount lliat the fuel is completely con- 
sumed in the lower part of the kiln, and that a moderately oxidizing 
atmosphere prevails throughout the interior space, care being taken to 
avoid admitting any considerable excess of air above that required for 
perfect combustion. The temperature in the hottest zone, at about one- 
fourth the length of the kiln from the fire end, is maintained at about 
2500° F. (1482° C.), but varies somewhat according to the more or 
less refractory character of the material treated. Obviously, there can 
be considerable variation in the temperature and time and quality and 
quantity of reagent without departing from the spirit of this invention. 
The temperature should be regulated so as to bring the material to a 
sintered or semi-fused and jxjrous condition, and to yield a product of 
maximum and practically complete citrate-solubility. 

“In the first stage of the heating the temperature of the charge 
increases rapidly, and under the combined action of heat, agitation and 
intimate contact with a rapid current of hot gases the alkali-metal com- 
pound is rapidly decomposed, with evolution of its acid or other volatile 
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constituents. This action takes place actively at a temperature of about 
2000° F. (1093° C.), provided the material is porous and the current 
of hot gases sufficicnlly rajnd. Ihider these conditions such alkali-metal 
coniix)unds as hydrate, sulfate or carbonate, which arc scarcely affected 
by heating to much higher temperatures when at rest, are rapidly de- 
composed with evolution, respectively, of water, sulfur dioxide, oxygen, 
and carbon di(jxide, leaving a residue of alkali-metal oxide, which we 
term ‘residual alkali.' 

“The volatile constituents may be said to be ‘blown out’ of the salts 
by contact with the current of hot gases. It is probable that the residual 
alkali enters into combination with the phosphate of lime, forming an 
alkaline-lime phosphate, which is again in large measure decomposed at 
the higher temperature of the later stage of the process, and that this 
combination and subsequent dcconi]>ositit)n plays an important part in 
the conversion of the phosphate into citrate-soluble condition. 

“In the final stage of calcination a temperature of about 2500° F. 
(1482° C.) is required, and in this stage, under the combined action of 
heat, agitation and intimate contact with a rapid current of highly heated 
gases, the residual alkali is in turn and in large measure volatilized, 
and simultaneously with the expulsion of alkali the percentage of citrate- 
soluble phosphoric acid rapidly increases, until, with projxir adjustment 
of temperature and duration of heating, the conversion to citrate-soluble 
condition becomes practically complete, only traces of insoluble phos- 
phoric acid remaining. 

“The jjroduct of the operation conducted as above described appears 
in the form of brown masses or fragments, extremely porous and light, 
and so soft that it can be crushed to powder by pressure of the fingers. 
During the entire course of the calcination the expulsion of the volatile 
constituents of the alkali-metal conqxiund and of the residual alkali 
tends to prevent overheating and fusion of the material. This expul- 
sion takes place normally and rapidly if the material is exposed to, and 
penetrated by, a rapidly moving current of hot gases ; for example, such 
a current as is produced by introducing the fuel at the lower end of the 
kiln in admixture with a current of air under four or five ounces pres- 
sure, and by maintaining a strong draft in the stack at the upper end 
of the kiln. 

“Under these conditions the material remains in a ix)rous and light 
condition throughout its passage through the kiln, and the volatile con- 
stituents of the alkali-metal salt are completely expelled in the zone of 
moderate heat. The residual alkali is chiefly exi>elled in the final stage 
of heating, and the phosphate is rendered practically completely citrate- 
soluble. The soft, porous clinker then passes out of the kiln, is cooled 
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and ground to a powder. It is then ready as a fertilizer or for mixture 
with other ingredients to make complete fertilizers. On the other hand, 
if the current of hot gases is slow and sluggish or does not freely pene- 
trate the charge, little or no decomposition and expulsion of the alkali- 
metal salt takes place, the material fuses or sinters together into imper- 
vious masses, and comixiratively little conversion into citrate-soluble 
condition is effected.** 

In the patent recently issued to II. H. IVIeyers the inventor claims 
to obtain the desired porosity and availability of the PjOo in a calciped 
phosphate by first sintering a finely ground mixture of an alkali mlital 
salt, phosphate rock and coke in a Dwight and Lloyd sintering machme, 
thereby effecting a partial conversion of the P 2 O 5 into a citrate soluible 
form. The sinter is then crushed and the porous lumps heated in\a 
rotary kiln to 1400° C. for 20 minutes or to 1250° C. for 30 minutes. 

The proportions of the ingredients employed in producing the sinter 
are as follows : 

Phosphate rock 100 parts 

Niter cake 30 

Powdered coke 9 per cent 

After calcining the material is ground to jiass a 00 mesh screen and 
is said to be in a form readily adapted for use either directly or as an 
ingredient of mixed fertilizers. 

Undoubtedly citrate soluble phosphoric acid can be produced by 
calcination methods but while a number of the processes described 
under this general heading have seemed to offer considerable jiromise 
in laboratory tests, it has been found that when tried out on a com- 
mercial scale considerable difficulty is experienced in obtaining jirod- 
ucts which have a uniform availability in respect to their phosphoric 
acid content. 

Guernsey and Yee have conducted a rather complete investigation 
of the conditions under which phosphate rock is rendered citrate soluble 
by calcining with small quantities of sodium salts (NajS 04 , NallSOi, 
and Na 2 C 03 ) in the presence and absence of a reducing agent. Their 
conclusions arc that the temperature range within which the maximum 
conversion of PjOs to a citrate soluble form occurs is rather narrow 
for each type of salt and for each proportion used. 

They state that the optimum temperature for any charge is that at 
which a sinter (but not a slag) is obtained. In the case of sodium sul- 

•*Loc. cit. 

“The Preparation and Chemical Nature of Calcined Phosphate, Ind. & Eng. 
Chem., Vol. 16, No. 3, p. 228 (1924). 
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fate (10 to 20 per cent) this temperature is close to 1300° C. and with 
sodium carbonate somewhat lower. The results of this investigation 
should prove (^f considerable value to those contemplating the manu- 
facture of calcined phosphates for they show pretty conclusively how 
and why such products when manufactured on a commercial scale vary 
so greatly in citrate solubility. 



t/OO JJtOO /JOO MOO 

Hr/Tyoordf/aro *C 

Fhosphatc Reck NeiSO* Cerboo Water 
Curve 1 100 10 15 0 

Curve 2 100 20 15 0 

Curves 100 SO 15 82 5 

Curve 4 100 55 27 0 

NaiCOi 

Curve 8 100 224 0 0 

Fig. 19. — Conversion of PjOb in Mixtures of Phosphate Rock Carbon and Alkali 
Metal Salts into Citrate Soluble Form at Various Temperatures. 

In the following chart (Figure 19) taken from the article of these 
writers the conversion of P 2 O 6 into a citrate soluble form at various 
temperatures and with various proportions of the reacting ingredients 
is graphically illustrated. 

A number of hypotheses have been offered in explanation of the 
conversion of phosphate rock into a citrate soluble form by these cal- 
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cination processes, one being that a double salt of sodium (or potassium) 
calcium phosphate is formed. But the small i)crcentagc of the alkali 
metal salt added (15 to 20 per cent) would not be sufficient to convert 
the whole of the phosphate into a definite double salt. Several of the 
inventors do not attempt to explain the chemistry of their processes for 
the reactions involved are not clear. It is claimed that the alkali salt 
added in some instances is almost entirely driven off at the temperatures 
attained in the kiln, leaving the phos])hate charge practically intact. If 
this is so the change which takes place under the conditions mentioned 
may be largely physical and the phosphate which remains is in a condi- 
tion somewhat analogous to freshly precipitated tricalcium phosphale 
which is known to exhibit a high degree of availability according to thf 
conventional laboratory tests. 

Available Phosphates by Electrolysis. 

Up to the present time only fi\e ^Vmerican i>atents have l)een issued 
dealing with the production of availal)le i)hos])horic acid by electrolytic 
processes. Of these, four are designed to produce citrate soluble, and 
the fifth water soluble phosjihonc acid, d'he jirocesses under this head- 
ing may be divided into two classes : ( 1 ) "J hose in which the ])hosphale 

rock is smelted with a suitable flux and the current ^lassed through the 
molten charge; and (2) those m which some water soluble salt or acid 
is used as an electrolyte and the ground iihosphate rock sus[>ended or 
dissohed in the solution and the electrolvsis conducted in the wet way. 
A list of these patents is included in Table lAXIlL of the Appendix. 

Probably the process under this heading wdiich has attracted the most 
attention is that of I’ahnacr and Wiborgh which may be briefly de- 
scribed as follows : 

Perchloric acid and sodium hydroxide are first produced by electro- 
lizing a solution of sodium perchlorate in a diaphragm cell. Phosjihate 
rock is then added to the anode solution (perchloric acid) and the re- 
sultant solution filtered. One half of the cathode solution (sodium 
hydrate) is then added to this filtrate resulting in the precipitation of 
dicalcium phosphate and the formation of sodium jx^rchlorate again. 
Into the other half of the cathode solution a stream of carbon dioxide is 
led and then this solution (Na^COa) is added to the solution decanted 
from the dicalcium phosphate precipitate, thus precipitating calcium 
carbonate and completely regenerating the sodium perchlorate. 

The chemical reactions involved in this process may be graphically 
represented thus : 

“IT. S. Patent Nos. 707,886 (1902); 748,523 (1903). 
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( 1 ) NaClO^ + HoO + Elect Current — riC 104 + NaOH 

( 2 ) 6 HCIO 4 + Ca,(r04)2=-2n.,P04 + 3Ca(C104)o 

(3) 2 II,P 04 + 3 Ca(C 104)2 + 4NaOH = 2 CallP 04 + 4NaCl()4 
+ Ca(C104)o+4H.0 

(4) 4NaC104 + Ca(C104)2 + Na^COa == eNaClO^ + CaCOn 

The Palmar process was designed primarily t(^ treat low grade i>hos- 
])hates in regions where cheap hydroelectric power is available. While 
it was operated for a time in Norway with apparent success, little or 
none has been oflFered on tbe American market. Apart from the fact 
that cheap power is necessary for its commercial success, this process 
requires at least two and pcDssibly three filtrations entailing either a loss 
of chlorate or j)erchlorate solution, or necessitating much washing and 
the subsequent evaporation of the wash water. The reagents recjuired 
are probably more valuable than the protluct sought and while the- 
oretically these reagents are regenerated and recovered, there is bound to 
be a considerable loss on account of the numerous steps involved in the 
process. 

Miscellaneous Processes for Producing Available Phosphates. 

Tn Table LXXVT of tbe AjqKMidix, under the heading “Miscellan- 
eous Processes” there are listed a number of patents for producing solu- 
ble and available ])hosphates not readily classified under other heads. 
Perhaps the ones which have attracted the most attention are : first, those 
which have to do with inoculating natural i)hosphates with bacteria 
which cause the rock to break down; and second, processes in which 
phosphate rock and sulfur are intimately mixed sometimes with the 
addition of sulfofying bacteria or composted with fertile soil and well 
rotted stable manure. 

The fact that bacteria might increase the solubility of the phosphoric 
acid in bone meal seems to have been first suggested by Stoklasa®^ in 
1900. Koch and Krober also found that a number of relatively in- 
soluble phosphates were rendered soluble by the acids formed by sewage 
and soil bacteria. A number of other investigators, notably Sackett, 
Patten and Brown and Bassalik have also reported that certain soil 
bacteria exert a solvent action upon mineral phosphates. 

" Uber den Einfluss der Baktcricii auf die Knochen/ersetzung. Centbl. Bakt. 
(1900). 

®Der Einfluss der Bodenbakterien auf das Loeslicliwerden der riiospborsjeure 
aus verchiedencii Phosphaten, Fiihling’s J.andwirtscha^ichc Zeitung, 7 (1906). 

“ 'J'he Solvent Action of Soil Bacteria upon the Insoluble Phosphates of Raw 
Bone Meal and Natural Phosphate Rock, Mich. Agr. Expt. Sta. Special Bull. 
43, pp. 1-30 (1908). 

”Uhcr Silicatzersetzung durch Bodenbacterien und Ilefen, Ztschr. Gserungk- 
physiol. Bd. 3, lift. 1, pp. 15-42 (1913). 
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The process of Coates (who has a number of patents supple- 
mentary to that for bacterized phosphate consists in adding rock 
breaking down bacteria to mineral phosphates which have been steri- 
lized by heat treatment. The bacteria it is claimed continue to act upon 
the phosphate rock, rendering the phosphoric acid contained therein 
available to crops. 

The mixing of sulfur with phosphate rock to render the latter avail- 
able was proposed and patented by Chisolm in 1905 and 1906. While 
little was said at that time regarding the oxidation of this sulfur anjd 
the secondary eflfect thus produced upon the mineral phosphates, the 
formation of sulfuric acid in the soil by the oxidation of sulfur was 
noticed by Mares as far back as 1869. \ 

In 1915 Chisolm took out another patent in which he claims that 
water soluble phosphate is obtained by intimately mixing and grinding'^ 
together sulfur and phosphate rock and then introducing sufficient mois- 
ture to promote the formation of sulfuric acid. 

Lipman’s first patent covers the mixing of sulfur and phosphate 
rock with soil, well rotted stable manure or other material carrying 
micro-organisms which tend to oxidize the sulfur present. In his two 
subsequent patents he claims the production of a phosphate fertilizer 
by mixing phosphate rock, sulfur and sulfofying bacteria. 

The experiments reported by Lipman, McLean and Lint have 
shown that by composting phosphate rock and sulfur with sand or soil 
containing sulfofying bacteria, distinct increases in the solubility of 
the phosphoric acid are obtained due in a large measure to the conver- 
sion of the sulfur into sulfuric acid and the action of this acid upon 
the phosphate mineral. Lipman does not claim to get water-soluble 
phosphoric acid by this method, but citrate soluble, or so-called avail- 
able phosphoric acid. 

Where the phosphate rock (15 parts and sulfur (5 parts) were com- 
posted with a relatively large quantity of soil (100 parts), Lipman and 
Joffe found over 82 per cent of the P 2 O 5 was converted into a citrate 
soluble form in about 20 weeks. But in the experiments of Ellett and 

”U. S. Patent Nos. 947,796 (1910) ; 947,795 (1910). 

”U. S. Patent Nos. 971,830 (1910); 1,024,880 (1912). 

"U. S. Patents 792,314 (1905) ; 824,280; 824,281 (1906). 

”Des transformations que subit le soufre en poudre quand il est rependu sur 
le sol, Compt. rend. Acad. Sci. Paris, 69, p. 974 (1869). 

«IJ. S. Patent 1,147,926 (1915). 

~U. S. Patent 1,222,112 (1917). 

”U S. Patent 1,235,906 (1917); 1,361,596 (1920). 

’•The Oxidation of Sulfur in Soil as a Means of Increasing the Availability 
of Soil Phosphates, Soil Science, Vol. 1, p. 533 (1916) ; Sulfur Oxidation in 
Soils and its Effect upon the Availability of Mineral Phosphates, Soil Science, 
Vol. 2, p. 499 (1916). 

“Soil Science, Vol. 10. p. 327 (1920). 
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Harris wiiere tne amounts of soil and phosphate rock were more 
nearly equal (but the ratio of sulfur to rock the same as in Lipman’s 
experiments) only about 19 per cent of the PoOs present was rendered 
citrate soluble even after the compost heap had stood for 2 years. 

A number of pot and field experiments have been and are being 
conducted with phosphate-sulfur composts and the favorable results 
reported indicate that this method of preparing available phosphates 
may be a factor in future fertilizer practice. If it should prove an 
effective and economic method of rendering ])hosphates available it 
would have certain advantages over the sulfuric acid process in that 
low grade phosphates unfit for the manufacture of acid phosphate could 
I)e readily employed. Another advantage claimed for this product is 
that the phosphoric acid contained therein is rendered available at a 
rather slow but constant rate, corresponding in a measure to the rate 
at which plants absorb phosphoric acid from the soil under optimum 
conditions. 

Considerable experimentation in the laboratory and many field tests 
conducted for protracted periods upon a wide variety of soils are neces- 
sary before definite conclusions can be drawn concerning the relative 
merits of such new phosphate fertilizers and the standard carriers of 
phosphoric acid which have been in use for so many years. 

"Soil Science, Vol. 10, p. 315 (1920'). 

“Riimcr and Tartar, Sulfur a*; a Fertilizer for Alfalfa in Southern OrcRon, 
Ore. A^ri. Expt. Sta. Bull. 103 (1919); TJpmaii and McLean, Sitlfur-Phosphate 
Composts under Field Conditions, Soil Science, Vol. 5, pp. 243-250 (1918). 



Chapter 5. 

Water-Soluble Phosphates. 

The most extensively used phosj)hatcs at present on the market ior 
fertilizer purposes are tliose in which the phosphoric acid is in a wat^- 
soluhle condition. The fact that plants draw practically all of the 
mineral constituents required for their normal g^rowth from material 
dissolved in the soil waters makes it a])pear loj>ical that water- sol uhli; 
phosphates should be more quickly available to crops than those which 
dissolve in water to only a limited extent. It is a well known fact, 
however, that most of the readily soluble ])hosphates when applied to 
soils do not remain in this condition for any protracted ])eriod of time, 
for the bases present in the soil tend to form more basic and less 
soluble phosphatic comj)ounds. Tlecause of their water soluble con- 
dition, however, at the time of their a])] dication it is much easier to 
obtain a uniform distribution of such phosphatic fertilizers and even 
after the less soluble phosphatic comiKuinds have been precipitated in 
the soil, the state of division of this reverted or ])recipitated material is 
such as to expose an immense surface to the action of the soil waters, 
which nearly always carry considerable (piantities of carbon dioxide 
(the solvent jx^wer of which is well known) and thus the jdiosphate is 
more readily presented to the plant roots than that applied in so-called 
available but much less soluble form. 

Practically all of the water-soluble jdiosphatic fertilizers now on 
the market are produced by the action of sulfuric acid upon bone or 
mineral phosphates. Phosphates so treated are the basis of nearly all 
mixed fertilizers, and thus the production of this acid is so intimately 
tied up with the fertilizer indu.stry that nearly every large factory has 
in connection with it a sulfuric acid plant. 

The sulfuric acid emj)loyed in manufacturing soluble phosjdiates is 
the ordinary “chamber acid’’ produced by ])assing the ga.ses evolved 
from burning j^yrites or elemental .sulfur, along with air, through a 
sy.stem of lead chambers into which are also introduced oxides of 
nitrogen and water either in the form of steam or a fine spray.^ The 

^ The manufacture of .sulfuric acid has been so fully treated in a number of 
standard works that the writers deem it unnecessary to go into the manufactur- 
ing details. 
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acid thus obtained ranges in specific gravity from 1.53 to 1.71 at 60° 
F. (equivalent to 50° to 60° 13c), and contains from 62 to 77.5 per 
cent H 0 SO 4 . While acid of the latter strength must be diluted before 
it is suitable for treating bones and mineral phosphates, it is ship])ed 
in this more concentrated form because it does not appreciably attack 
the ordinary steel tank cars. 


TABLE XXV 

Specific Gravities and Their Equivai.ents in Bahme Decrees of Sulfuric 
A(in OF Various Stoengths 


” Re. 

Sp. Gr. 

Per Cent 
JLS()4 

“ Re. 

Sp. Gr. 

Per Cent 
IhSO. 

° Re. 

Sp. Gr. 

Per Cent 
H,S(). 

0 

1.0000 

0 00 


1 2083 

28 28 

49 

1.5104 

60.75 

1 

1.0069 

1.02 

26 ... . 

1.2185 

29.53 

50 

1.5263 

62.18 

2 

1.0140 

2 08 

27 . . 

1.2288 

30 79 

51 

1.5426 

63.66 

3 

1.0211 

3 13 

28 

1 2393 

32 05 

52 

1.5591 

65.13 

4 

1.0284 

4 21 

29 . . . . 

1 25(M) 

33.33 

53 

1.5761 

66.63 

5 

1.0357 

5.28 

30 

1.2609 

34.63 

54 

1.5934 

68.13 

6 

1.0432 

6.37 

31 

1.2719 

35.93 

55 

1.6111 

69.65 

7 

1.0507 

7.45 

32 

1.2832 

37.26 

56 

1.6292 

71.17 

8 

1.0584 

8 55 

33 

1.2946 

38.58 

57.... 

1.6477 

72.75 

0 

1.0662 

9 66 

34 

1.3063 

39.92 

58 

1.6667 

74.36 

10 

1.0741 

10.77 

35 

1.3182 

41.27 

59 

1.6860 

75.99 

11 

1.0821 

11.89 

36 

1.3303 

42.63 

60 

1.7059 

77.67 

12 

1.0Q02 

13.01 

37 

1.3426 

43.99 

61 

1.7262 

79.43 

13 

1.0985 

14.13 

38 

1.3551 

45.35 

62 

1.7470 

81.30 

14 

1.1069 

15.25 

39 

1.3679 

46.72 

63 

1.7683 

83.34 

15 

1.1154 

16.38 

40 

1.3810 

48.10 

64 

1.7901 

85.66 

16 

1.1240 

17.53 

41 

1.3942 

49.47 
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1.7957 

86.33 

17 

1.1328 

18.71 

42 

1.4078 

50.87 
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1.8012 
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18 
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19.89 

43 

1.4216 

52.26 
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53.66 

65 
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20 
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45 
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46 
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48 
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The fertilizer trade, however, is accustomed to expressing the 
strength of chamber acid in terms of T3aiime degrees (°Be), there- 
fore in the above conversion table (Table XXV), taken in part 
from one approved and adopted by the “Manufacturing Chemists Asso- 
ciation” of the United States, the specific gravity of, and percentage of 
IIoSOi in sulfuric acid of various strengths are given corresponding to 
each degree registered by the Raume hydrometer. 

In the general jirocess of acidulating relatively insoluble phosjihates, 
advantage is taken of the fact that sulfuric acid being a stronger acid 
than phos])horic will displace the latter acid from its comixiunds. 

In actual practice sulfuric acid is added in sufficient quantities to 
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combine with two-thirds of the lime present in the original mineral to 
form calcium sulfate or gypsum leaving one-third of the lime combined 
as an acid salt of phosphoric acid which is soluble in water. 

Acid Phosphate. 

Historical. 

The treatment of bones with sulfuric acid was first proposed by 
Liebig before the middle of the nineteenth century. In 1842 Lawesj^ 
took out a patent for the .acidulation of bones and later when the nature 
of guano and phosphate rock was discovered the same treatment wa4 
applied to these materials, but while the process of acidulation in-1 
creased the solubility of these materials, the product obtained in these 
early days was somewhat irregular in composition and often in rather 
poor mechanical condition. 

This was due to the following causes: (1) An incomplete under- 
standing of the action of sulfuric acid upon the various impurities 
occurring in natural phosphates and the consequent lack of chemical 
control over the raw materials entering into the manufacture of acid 
phosphate. (2) The limited knowledge of the importance of sulfuric 
acid concentration upon the rate and thoroughness of the chemical re- 
actions and the mechanical condition of product. (3) The use of 
coarsely ground phosphates which were incompletely attacked by sul- 
furic acid. (4) The employment of hand lal)or in mixing the acid and 
rock, which made it impracticable to obtain the intimate contact neces- 
sary for rapid and complete reaction. (5) The dumping of the freshly 
prepared material upon oi^en piles almost immediately after mixing, 
a practice which so cooled the mass that the chemical reactions were 
checked and the moisture content of the product was objectionably 
high. 

A better understanding of the prcKCSs of acidulating phosj)hates, 
however, soon grew up, which resulted in more economical and efficient 
methods being introduced. Accurately weighed charges of phosidiate 
rock and sulfuric acid, the composition and strength of which are defi- 
nitely known, have replaced the loose approximations of the early 
days. Fertilizer machinery for grinding, mixing, curing and disin- 
tegrating materials lias reached such a high degree of perfection that 
there is no longer any excuse for incomjdctely acidulated phosphates 
due to improi)er grinding or mixing of the raw materials, nor any 
reason for delay in curing and shipping acid phosphate for lack of the 
proper mechanical facilities. But while the mechanics of this process 


'British Patent No. 9353 (1842). 
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have been pretty thoroughly worked out, there still appears to be room 
for further chemical research. It is still reasonable to expect that a 
more thorough study of the action of sulfuric acid upon the various 
ingredients occurring in phosphate rock and a better understanding of 
the effect of the compounds thus produced upon the final product might 
lead to economies in acid consumption, a fuller utilization of our phos- 
phate resources and a curtailment of the waste incident to the prepara- 
tion of relatively pure phosphate rock. 

Owing to the fact that finely ground steamed or degreased bone is 
generally recognized as an effective phosphatic fertilizer without further 
treatment, and also because water soluble phosi)hates can be obtained 
so much more readily and cheaply by the acidiilation of mineral phos- 
phates, the percentage of bone products now treated with sulfuric acid 
is relatively small. 

In manufacturing soluble phosphates for fertilizer purposes from 
degelatinized bone, the bones are first ground to i>ass at least a SO to 
60 mesh sieve and then treated with an equal weight (approximately) 
of 60 per cent sulfuric acid. The mass is thoroughly mixed and allowed 
to stand until the chemical reactions are practically complete. Dissolved 
bone contains in addition to water soluble phosphate a small amount of 
fixed nitrogen also in an available condition, which adds to its agri- 
cultural value. The main fertilizer ingredient, however, is mono- 
calcium phosphate and the amount of water soluble phosphoric acid 
(PoOo) in this form varies between 15 and 18 per cent, depending on 
the cliaracter of the bone used and the skill of the manipulator. Un- 
fortunately the character and quantity of the organic matter in some 
of the bone employed is such that upon treatment with sulfuric acid 
a viscous mass results which is difficult to dry. This objection docs 
not apply, however, to bone black, bone char and bone ash ; all of which 
are used to a limited extent in the manufacture of water-soluble 
phosphates. 

The vast bulk of the soluble phosphate produced both in this coun- 
try and abroad, however, is manufactured from the amorphous ]^hos- 
phates of lime, the deposits of which have been previously described. 
The general procedure followed in making acid phosphate is a familiar 
one, and most of the larger manufacturers of this commodity exercise 
great care in its preparation,^ checking both the raw materials and 
finished product by chemical analyses and endeavoring by the use of 
the most modern equipment to obtain an acid phosphate of high availa- 
bility and in the best possible mechanical condition for distribution in 

* Carter, S. L., American Fertilizer Handbook, Sec. D-30 (1020) ; Armstrong, 
E. IT., Modern Trend in Fertilizer Plant Operation, Iiid. & Eng. Chem., Vol. 15, 
No. 4, p. 415 (1923). 
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the field. Some of those engaged in the production of this material, 
however, have but little knowledge of the chemistry involved and are 
unfamiliar with the numerous details of its manufacture which are of 
considerable economic importance.® Moreover, the keen competition 
which has sprung up in the fertilizer industry during the post war 
period and the tendency to progress from the old “rule of thumb” 
practice towards more scientific methods tends to make a thorough 
understanding of the chemical principles and changes involved in manu- 
facturing this product extremely important if not essential. Phosphate 
rock from various sources and from different deposits in each phos- 
phate area differs to such an extent that in order to effect the greatest 
economies in manufacturing acid phos])hatc, more complete chemical 
analyses than are usually demanded are often necessary and trial 
laboratory tests should be made in order to obtain a true index of the 
proper proportions of sulfuric acid and rock to employ, and the most 
effective concentration of acid to use. It is a well known fact that 
when a new grade or type of pbos])hate rock is shipped to an acidu- 
lating i)lant a considerable amount of time and material arc often 
consumed in making U]) large batches. or trial mixes before the proper 
proportions of acid and rock required to give a satisfactory product 
are determined. 

The Mechanics of Acid Phosphate Manufacture. 

The manufacture of acid ])hosi)hatc involves the following four 
very important mechanical or physical oi)eralions : 

1. The preparation or grinding of the j)hosi)hate rock for acid 
treatment. 

2. The mixing of the finely ground phosphate with sulfuric acid. 

3. The curing and drying of the acidulated material. 

4. The excavation milling and bagging of the finished product. 

A number of comjdete or self-contained units for carrying out prac- 
tically all of these operations with the minimum ex])enditure of time 
and labor are now in successful operation in this country, but the 
majority of acid phosphate plants still conduct these various mechanical 
processes in a number of separate steps. 

The ai)paratus employed and the efficiency with which these mechani- 
cal ofxjrations are conducted have a profound effect on the chemical 
reactions involved in the manufacture of acid phosphate and hence the 
perfection of grinding, mixing, handling, milling, and bagging ma- 

* Brogdon, J. S., Amer. Fertilizer, 39, No. 5, p, 25; No. 6, p. 69; No. 7, p. 59 
(1913). 
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chinery is lar^^cly responsible for the economics attained in producing 
this basic fertilizer ingredient. 

The writers feel, therefore, that brief descrii)tions of the various 
types of machinery and equipment used in the manufacture of acid 
phosphate and a discussion of their functions and merits are essential 
for a thorough understanding of this process. 

Preparation of the Rock for Acid Treatment. 

The first step in the manufacture of acid phosphate is to reduce 
the phosphate rock to a finely divided condition so that it may be acted 
upon quickly and completely by the sulfuric acicl. Uj) until about a 
decade ago most of the phosphate rock used for acid phosphate was 
ground so that 80 to 90 per cent would pass through a 60-mesh screen. 
Finer grinding that this was considered both unnecessary and uneco- 
nomical. The modern tendency, however, is towards a much finer 
product, 80 to 95 per cent through a 100 mesh screen is considered 
good practice. Ily means of modern grinding machinery and air- 
separating ecpiipnicnt this degree of fineness can be easily obtained. 
The use of such finely ground phosphate rock has i)r()vcn economical 
in that ai)i)reciably less sulfuric acid is required, the reactions between 
the acid and mineral take place more rajndly and a higher grade product 
in better mechanical conditiem is obtained. The fcrllowing table ^ 
(Table XXVI), which represents the averages of several plants, serves 
well to illustrate this point : 


TABLE XXVI 

Sulfuric Acid and Relative Time Khyi iked for Making Acid Phosphate 
FROM One Ton of Rock of Several Dec.kees of Ioneness 


Fineness 

Per Cent Through 100 Mesh 

Sulfuric Acid 
Pounds of 51® He. 
Acid per Ton of 
Rock 

Relative Time for 
Reaction 

95 0 

1,739 

1.00 

90.0 

1,842 

1.22 

85.0 

1,946 

1.41 

80.0 

2,058 

1.56 


With fine grinding and thorough mixing of the phosphate rock with 
sulfuric acid the time necessary to produce a good product is reduced 
to a minimum. It used to be that the acid phosphate manufacturer had 
to let his product stand several weeks to cure before putting it on the 
market. The curing was necessary because the coarseness of the phos- 
phate rock treated allowed only the surface of the larger particles to 

*Data obtained from S. D. Kanowitz. 
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be acted upon immediately by the sulfuric acid and the acid permeated 
the layer of calcium sulfate thus formed around these particles very 
slowly. Long standing or “curing/’ however, allowed the acid to 
permeate deeper into rock particles and thus a higher yield of available 
phosphoric acid (P^Oa) was obtained. 

The extremely fine grinding now so generally adopted gives greater 
contact surface for the acid to act on, and allows a more thorough 
mixing, thus yielding a product in better mechanical condition, fully 
matured and ready for the market within a considerably shorter tinfce. 
This means a great saving in that it is not necessary to tie up so muph 
capital in storing the finished product. 

The grinding characteristics of the different phosphate rocks vaiW 
somewhat and will be treated in a general way. The refractorinesB 
of the rock varies not so much with resj^ct to the phosphate mineral 
but chiefly to the impurities, such as flint, sand, clays, etc., thus the 
Florida rocks in general are harder and more expensive to grind than 
the Tennessee blue and brown rocks. The pebble phosphates of Florida, 
however, vary considerably according to their location. For instance, 
those near Plant City and Lakeland are easier to grind than those near 
Brewster and Mulberry. As a rule, with the Florida rocks, the por- 
tion which is most difficult to pulverize is chiefly siliceous matter, whije 
with the Tennessee brown phosphate the hardest material to grind is 
generally the highest in Bone Phosphate of Lime. Florida soft phos- 
phate when dry is very easily ground, but it is never used in making 
acid phosphate, its chief use being for direct application to the field. 

The following table, No. XXVJl, prepared by S. D. Kanowitz, gives 
the average cost of grinding one ton of rock to 100 and 200 mesh 
sizes, using air separation : 

TABLE XXVII 


Cost' of Grinding One Ton of Phosphate Rock Using Air Separation® 


Deposits 

95 Per Cent 
Through 

100 Mesh 

95 Per Cent 
Through 

200 Mesh 

Apatite (Canada) 

$0.52 

.47 

$0.91 

.83 

.75 

.71 

Florida hard rock 

Florida pehble (J^rewstor) 

43 

South Carolina pebble 

.41 

Idaho gray rock 

.40 

.70 

T ennessee blue rock 

.39 

.68 

Tennessee brown rock 

.37 

.67 

Florida pebble (Lakeland) i 

.37 

.67 

Florida soft rock 

.33 

.60 



* By S. D. Kanowitz. 

'Figured on grinding 50 tons in 10 hours. 
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Before sending the rock to the pulverizing mills it must first be 
reduced to a size suitable for the mechanical operation of these mills. 
This is accomplished by passing the rock through a preliminary crusher, 
where it is broken into pieces less than an inch in diameter. There are 
several tyjxjs of mills being used for this purpose, sucli as the “Swing 
Hammer,” or “Sledge Mill,” the gyratory or rotary crusher, the jaw 
and the roll crusher. 

The hammer or sledge mill is a small machine consisting of a num- 
ber of flexibly mounted rotating hammers which break up the rock 
and force it through s^iaced bars in the bottom of the mill. I'his type 
is essentially a high speed mill, and has a large capacity for its size. 

The gyratory or rotary crusher works on the same principle as the 
household coffee mill and crushes by gradual reduction between the 
heavy iron cone on the rotating shaft and the chilled iron liner of the 
mill casing. This is a slow speed machine, but has large capacity and 
requires but little power to operate. 

The jaw and the roll crusher is seldom used for crushing phos- 
phate rock, so will not be discussed here. 

The Florida pebble phosphates, however, require no preliminary 
crushing, as the lumps or pebbles are usually small enough to go directly 
to the pulverizing mills. 

The pulverizing or fine grinding mills may be broadly groui)ed into 
three classes : first, those which depend on spring tension to hold the 
rolls against the grinding surface ; second, those which depend upon the 
centrifugal force of steel rolls against a grinding face; and third, those 
which depend on the centrifugal force of heavy iron or steel balls rolling 
over each other within a cylindrical or conical shell. The methods of 
separating the fine from the coarse material are of two classes, namely, 
screen and air separation, and will be taken up along with the general 
discussion of the several types of mills. 

The Kent and Sturtevant ring roll mills are of the spring tension 
type and consist of a vertically revolving concave ring against the 
inner surface of which three rolls are held by heavy springs. The 
material to be pulverized is fed to the inner surface of this ring and 
held there by centrifugal force while passing under the rolls. The rolls 
crush the material against the ring and discharge it through the bottom 
of the mill. From this point the crushed or ground rock is conveyed to 
an air separator or screening system. Screens are usually recommended 
for materials coarser than 60 mesh, but where the ])roduct sought is 
finer than this, air separation is considered: more efficient. The screen- 
ing system usually consists of several unit screens set at an angle of 
35° to 45°, thus a comparatively coarse mesh will deliver a fine product. 
These screens are kept in constant vibration by numerous hammer blows 
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on the screen frames. (These hammers are operated either electro- 
mag^netically or by eccentric cams which raise and lower them.) This 
vibration kee]>s the meshes of the screens o])cn and allows them to 
function at ina\imum ca])acity. 'J'hc fine dust is then conveyed to the 
storage bins, while the coatse or over si/c is carried back to the mill 
by “chute’* or screw conveyor to be reground. It is not desirable 
to use screens of a fineness below 60 to 80 meshes jier inch because of 
the difficulty of clogging with the consequent slowing down of the 
screening operation. The Sturtevant mill is shown in h'lgure 20. 



F lit II ted 

Courtesy Stmtciant Mill Co 

Fig 20— Sturte\ant Kmu Koll Mill for (iiiikIiiik J’hospluU Kock 


There are several mills on the niarkcl which coiilaiii screens as an 
integral ixirt of the mill itself. 

The most widely used of this general type for grinding phosphate 
rock is the Bradley three-roll pulvarirer, Mgnrcs 21 and 22, for which 
the following advantages are claimed; (1) Larger outiiut for low 
power consumption, (2) Diistless in operation and low upkeep due to 
the few wearing parts, (3) Self-contained unit giving a finished produc 
in one operation. Although it might appear at first sight tliat the small 
screen area in these self-contained mills would materially limit their 
capacity, an output of 5 to 7 tons of phosphate rock per hour, 70 
to 80 ix:r cent of which will pass a 100 mesh screen, is claimed by the 
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manufacturers. This degree of fineness being obtained by using a 
screen of 12 to 14 mesh in the mill. One criticism of the self-contained 
mill is the necessity of closing down when the screen becomes clogged 
or badly worn. 



iouiicw Hiaiilty Puhtn^ci (o 

Fig. 21 — Ihadlcy Kiii^ Roll Mill C losed and Rccid\ for Operation. 

The more modern plants which ha\e standardized on fine grinding, 
have equipped their mills with some system of air separation either as 
a ixirt of the mill or as a separate installation. The principle of air 
separation is very simple and depends on the difference in dust carrying 
capacity of air at different velocities, thus when air is blown through 
a mixture of coarse and fine particles a large quantity of the fine par- 
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tides are swept out and carried along at high velocity to the point 
where deposition is desired. At this point the air velocity is suddenly 
reduced by entering an expanded chamber and allowing the dust to 
settle. The above being the simple theory of air sejxiration, it is now 
well to mention an important modification of this principle, that is, 
the part jilayed by centrifugal force in obtaining uniformity of air 
separation where the air velocity varies to some extent. H at the 
point where the dust is picked up the air has a centrifugal motion the 



Cfliiftrsy Bradley Pul,eti''ci Co 


l^'iG 22 — Vertical Section of l^radkv Mill Showing JnUinal C onslriiction 

heavier particles are thrown to the sides and go back to the mill. Now, 
if the air velocity is increased larger particles will be picked up, but 
with increase in the velocity of the air we also have an increase in 
the centrifugal force which throws these heavier particles to the sides, 
thus maintaining uniformity in size of the particles which are carried 
out by the air. This principle also holds true where the air velocity is 
reduced and proportionately smaller particles are picked up. 

In the Sturtevant air separator (Figure 23) the ground material 
which has been conveyed from the mill by elevator is fed onto a re- 
volving plate which distributes it in a thin stream through which a 
current of air passes giving a partial separation. 'This product is 
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whirled spirally upward by the fan suction ; the coarser particles being 
more strongly acted ui>on by centrifugal force, arc held within an 
inverted conical chamber, thus being ])revcntcd from following the 
fines or dust, which pass upward and out with the air, through a large 
slow speed fan, which carries them into a second cylindrical compart- 
ment. The dust is herein again rapidly whirled by the fan blast and 
the increased centrifugal force thus created is sufficient to cause the 



Patented 

Coutiesy Stilt tezant Mill Co. 


Fig. 23. — Stitrtevant Air Separator. 

fine particles to cling to the exterior walls of this chamber, gradually 
working spirally downward by gravity.” The air from this outer 
cylinder returns to the inner compartment through a series of adjustable 
tangential vanes, thus giving an added centrifugal force to the air cur- 
rent. The cone hopper of the inner cylinder discharges the oversize 
particles which arc conveyed back to the mill for regrinding. From 
the hopper of the outer compartment the separated phosphate dust is 
conveyed to the storage bins ready for acid treatment. 

The second ty]>e of mill mentioned, being that which depends on 
centrifugal force to hold the crushing rolls against a ring or grinding 
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surface may be illuslralcd l^y a brief description of the Raymond mill 
and system of air separation (Figures 24 and 25). The material to 
be ground is fed to the mill by a mechanical feeder and the grinding 
is accomplislied by susixfiided hard steel rolls which arc forced outward 
by centrifugal force against a hard steel ring, the material which has 
passed the rolls being continually thrown up (from the bottom of the 



Courtc^V 1 he Raymond Btos Impaii Pul Co 


Fr. 24 — Four Rollci Ra>mond Mill, Equipped with Air Separator 

mill) between the rolls and ring by rotating plows on the lower end 
of the shaft which carries the rolls. 

The separation of the fine fiom the coarse material is accomplished 
by means of a constant stieam of air drawn through the mill by an 
exhaust fan. The air enters the null at the base through openings which 
give a tangential or centrifugal motion to the air; passes up through 
rolls carrying with it the finely divided materials into the upper part 
of mill casing which is enlarged somewhat and acts as a separator, the 
heavier particles falling back into the grinding chamber. The lighter 
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or finely pulverized lock is earned by the ciinent of air up through 
the exhaust fan and delueied to the cvtlone collectoi which may be 
placed at any comcnicnt distance away fiom the mill Air and dust 



Courtesy I he Ra\moni Bros Impact I ul cti-cr Co 
lie 25— TnpkiI Inst ill ition of Runiond Mills iiul \ii Sepiiator 

enter the c) clone collectoi t ini»enliall^ and due to the extieme leduc- 
tion in \elocity the solid pai tides diop out Ihe an is again diawn 
thiougli the mill, thus making a closed system where the grinding, 
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separating and transportation of the pulverized rock is done with the 
least possible loss. 

The Hardinge conical ball mill is typical of the third type which 
depends on the crushing action of iron or steel balls against the walls 
of the rotating steel shell as well as the grinding effect of the balls 
rolling over each other. This mill is conical in shape and the balls 
employed are of hardened steel of various sizes. The large balls are 



Coiittay Hatdinge Co., Incorpofoted 


Fig. 26 — The Hardinge Conicdl Ball ^lill and Air Separator. 

held in the widest part of the cone by centrifugal force and naturally 
do the coarsest grinding. As the cone narrows to the discharge end 
the materials are ground more finely by the snialler sized balls. The 
Hardinge air separating unit (Figure 20), which has recently been put 
on the market, consists of a rotating drum, one end of which is con- 
nected to the discharge end of the mill and the other end to an exhaust 
fan which carries the dust laden air to a cyclone collector. 

Due to the lower velocity of the air in this rotating drum the coarser 
particles of rock are here deposited. The drum is equipped with a 
helical conveyor and a series of lifters which pick up these coarse 
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paVticlcs as well as the natural discharge from the mill (including both 
coarse and fine rock) dropping them through the current of air which 
carries the finer particles to the collector. The coarser material drops 
into a rotating hopper which discharges into a return air pipe passing 
axially through the drum. The air freed from its burden of finely 
divided rock in the cyclone collector is returned through this pipe at a 
velocity sufficient to blow these coarse particles back into the mill to 
be reground. 

The Mixing of Phosphate Rock and Sulfuric Acid. 

Since the manufacture of acid phosphate is essentially a chemical 
process, the thorough commingling of the phosphate rock and sulfuric 
acid arc absolutely necessary to obtain a complete reaction and the 
maximum yield of available PoOc. Unless this mixing operation is 
efficiently done a considerably larger quantity of sulfuric acid may be 
employed than is actually required to effect the decomposition of the 
mineral and the product will be in poor mechanical condition and 
difficult to handle. 

The general procedure followed is to charge simultaneously into a 
mechanical mixer a definite weight of finely ground phosphate and a 
predetermined quantity of sulfuric acid (SO degrees to 52 degrees Re.). 
Jt is the practice of some operators, however, to charge the rock first 
and add the acid to the mineral while others prefer to run the acid in 
first and add the rock to the acid. 

In the opinion of the writers the materials should be either added 
to the acid, otherwise the finely ground rock is apt to “ball up** and 
make it difficult to obtain a uniform mixture of the acid and rock 
within the few minutes available before the mass “sets.*’ 

There are a number of efficient mechanical agitators on the market, 
but nearly all of those used in the United States are of the same gen- 
eral type, known as the pan mixer which revolves on a vertical axis and 
has stirring devices which also revolve on their vertical axes within 
the pan but in the opposite direction to the pan. 

Excellent mixers of this type are tho.se of Stedman and Walker and 
Elliott. The Stedman two-ton mixer consists of a covered cast iron 
revolving pan 8 feet in diameter and 2^/2 feet in depth capable of 
mixing 2 tons at each charge without danger of boiling over. 

The pan is carried on ball bearings around its outer circumference 
and is driven by pinions at a rate of R. P. M. The center discharge 
opening which is 18 inches in diameter is closed by a steel plug which 
fits into a renewable ring. The plug is raised by a lever which also 
lowers a scraper into the pan when the material is ready to be dis- 
charged. 
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The pan is equipped with two mechanical agitators or stirring de- 
vices which consist of heavy cast iron spiders having four arms fitted 
with steel plows. These stirrers are driven by bevel gears at the rate 
of 50 R. P. M. 

The cover of the pan fits close to the revolving rim of the pan and 
is so constructed that the fumes evohed cannot readily escape. All 
parts which are apt to be worn or corroded can be readily removed 
and renewed. 

In operating this tyjx; of mixer the weighed or measured charries 
of phosphate rock and sulfuric acid are run into the pan and agitated 
for at least 2 minutes but seldom over 3 minutes. The mass then begins 
to set up and it is very desirable to discharge it before it becomes ao 
stiff that it ])Uts an undue strain on the driving equipment and is difiV 
cult to remove entirely from the pan. ^ 

P*y means of a lever the plug which closes the opening in the bottom 
of the ])an is raised, the scraping device lowered, and the material 
ejected either into a “den” below the mixer or into a car which hauls 
it to the storage shed and dumps it on a pile. The plug closing the 
opening in the pan is then again lowered into place, the scraper raised, 
and the pan is ready for another charge. 

The construction of this tyjK' of mixer is shown in Figure 27. 

Another type of mixer which is no longer recommended for acid 
phosphate and differs \cvy materially from that just described. This 
machine consists of a cast iron rotatable cylinder or drum (4 feet in 
length and 4 feet in diameter ) su])ported in a horizontal position and 
having a slot 16 inches wide running its entire length. This slot, which 
is the only oi)ening in the machine, ser\es both to charge and discharge 
the mixer. 

Extending through the center of the drum is a shaft fitted with 
stirring arms which re\olves at the rate of 35 R. M. The whole 
machine is enclosed in a wooden box equipped with suitable feeding 
devices for the acid and rock and connected by a ho])per to the acid 
phosphate den directly below. An exhaust pan serves to draw off 
the obnoxious fumes e\ol\ed during the mixing process as well as those 
driven off by the reactions in the den. 

In ojxirating this machine the automatically weighed charges of 
acid and rock are run into the mixer through the slot wdiich is then in 
the upper position. 

The agitating device which runs continuously as long as the mixer 
is in operation, is said to thoroughly mix the materials in less than two 
minutes. The device is then caused to rotate (at the rate of one revo- 
lution in one-half minute) and when the slot reaches the lowest position 
the reacting mixture is practically entirely ejected and falls by gravity 
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Co\irte^\ Sh man's Foundry & Mad me If orks 

Fig 27 -Stedman T«o-Ton \c.d Phosphate Mixing Pan 
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into the acid phosphate den where the reactions go to completion and 
the product is cured. 

When the drum reaches its original position as shown to the oper- 
ator by an indicator it is ready to he recharged. 

Smaller charges (1300 ix)unds) were employed in this mixer than 
in the pan type as it was thought that more thorough agitation in a 
shorter j^eriod of time could be thus obtained. It was further claimed 
that less power was required ]>er ton of material handled and that this 
mixer was practically proof against leakage during the mixing (jperatij)!!. 

The Curing and Drying of Acid Phosphate. 

During the early days of acid phosphate manufacture it was ti|ie 
almost universal practice to dump the material from the mixing vais 
directly onto an oj>cn pile where the reactions which were started il^ 
the mixer w^erc continued and the product was cured and dried. 

This method is still practiced to a limited extent in the south 
Atkantic States as follows: 

The mixture of acid and rock is discharged from the mixer into an 
automatic dump car. In order that the chemical reactions may get 
a fair start before the mixture is discharged in a thin layer over a 
large open pile, it is allowed to heat up or thicken in the mixing ]mn ; 
frequently it is ])ermitted to remain in the dump car also until it has 
nearly set. A number of operators, however, claim to obtain good 
results by dumping the material almost immediately. Sometimes to 
prevent the acid phosphate from spreading a partly ojkmi bin is em- 
ployed. The material after standing in this bin for 8 or 10 days is 
taken up by elevators and dumped on a storage i)ilc. 

The acid phosphate made by the open dumj) system naturally takes 
much longer to arrive at its maximum availability and optimum 
mechanical condition than that made by the '*den'' system. It is usually 
kept for at least one month before shipping, but adverse weather con- 
ditions may delay shipment considerably longer and even seriously 
affect the quality of the final product. 

It is argued by those who still employ this system of curing acid 
phosphate that it obviates the necessity of constructing costly closed 
chambers and the labor and exjx'iise of digging out and rehandling the 
acid ])hosphate. 

The open dump method is not. in the opinion of the writers, a sat- 
isfactory system since the heat evolved in the initial decomposition of 
the rock is sf) ra])idly dissipated that the reactions may never go to 
completion and at best the product is imperfectly dried out. Moreover, 
it is impracticable to employ this system in the vicinity of large towns 
or in a rich farming country since with the ordinary grades of phos- 
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phate rock the fumes of fluorine compounds, etc., are not only obnoxious 
but injurious to both plant and animal life. Practically all of the larger 
and more progressive manufacturers of acid phosphate have aban- 
doned the open dump method for the closed chamber or den system. 

The den system was devised in order to bring about the reactions 
between phosphate rock and sulfuric acid in the shortest possible time 
and produce a pulverulent product which would require no subsequent 
drying. 

Acid phosphate dens were originally rectangular in form and con- 
structed almost entirely of timber. Later these dens were brick lined 
to give them a longer life and still later they were superseded by the 
cylindrical or silo type constructed of concrete and holding from 100 
to 300 tons each. 

In the modern acid phosphate plant several of these concrete dens 
are surmounted by a platform and track on which is located the mixing 
machinery so arranged that it can serve each deii in turn. As fast as 
the charges of phosphate rock and acid are mixed they are dropi)ed 
into one of these chambers which it is filled to within a short distance 
of the top. Here the chemical reactions taking place raise the temi)cra- 
ture of the mass well above 100° C. Carbon dioxide steam and gaseous 
compounds of fluorine work their way out of the mass and escape 
through a flue at the top of the chamber, leaving the acid phosphate 
in a porous relatively dry condition. The material is left in the den 
for a period ranging from 0 to 24 hours to insure complete reaction. 
The top of the chamber is then removed and mechanical excavators 
consisting of clam shell or orange peel buckets susi)ended from over- 
head, traveling cranes pick up the acid phosphate and transfer it from 
the den to the storage pile for curing. 

The flue through which the gases from the dens escape usually con- 
tains an exhaust fan which passes the obnoxious fumes through a series 
of wooden towers fitted with water sprays to decompose the silicon 
tetrafluoride and absorb the hydrofluosilicic acid resulting therefrom. 
The weak solution of hydrofluosilicic acid is employed in the manufac- 
ture of sodium fluosilicate, a compound used in the production of 
enamel, etc. 

Acid phosphate which is carefully made, especially that produced 
by the den system, seldom requires any subsequent drying. It is 
customary abroad, however, to dry super phospliate artificially, particu- 
larly when it contains an excess of phosphoric acid or is in a poor 
mechanical condition due to improper mixing. There are two general 
methods employed in drying acid phosphate. The first consists of the 
application of artificial heat and the second of adding some material 
to take up or combine with the water or free phosphoric acid present. 
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In Europe a number of machines for artificially drying acid phos- 
phate have been patented. Among the most efficient of these are the 
dryers of Liitjens and of M oiler and Pfeiffer.'^ In both of these ma- 
chines the disintegrated acid phosphate is submitted to the action of 
a current of hot air under pressure. No direct heat can be used in 
drying acid phosphate because of the tendency of the material to revert 
at high temperatures. 

The second method of drying acid phosphate is often practiced in 
this country when the material is too sticky or wet (due to faillty 
manipulation) to be uniformly spread on the field or mixed with otner 
fertilizer ingredients. Such a condition when due to an excess \of 
jihosphoric acid can l)c frequently remedied by mixing the sticky mass 
with small percentages of j^hosphate rock or limestone. If the con- 
dition is due to the i)resence of a large proportion of iron and aluminiin'^, 
the addition of finely ground peat or calcined gypsum will dry the 
material. In exi)elling the water from acid phosphate by artificial 
heating the \alue of the fuel consumed must be added to the cost of 
production, hut no matter how the drying is done it entails additional 
handling, uhich is al\\ays expensive and should be avoided. 

Storing, Milling, and Sacking Acid Phosphate. 

In order that the acid phosphate produced may contain a maximum 
quantity of soluble phosjihoric acid when ready for shipment, it is 
usually stored in well-ventilated buildings for at least two weeks. 
During this time the quantity of the so-called available phosphoric acid 
should steadily increase. This is especially true of properly mixed acid 
phosphate made by the “open dumj)” method where the heat is not 
sufficiently great to bring about rapid chemical reactions. 

TABLE XXVIII 

CUAXOrS T \KING i’lACL IX A( ID PUOSPU MI M M)I 1 RDM TrWLSSlC R()( K ON 
.SioRixG iKOM Zy* lo 4^j Mom IIS 


Comi)osition 


Sample 

nircetb 

After Mixing 

\fter Storing 
Months 

for 2y 

After Stoiing 
Months 

for 4^ 


P.O, 

Ah().+Fc.(), 

1\()5 

M.Oa+R-/)/ 


AhC \i+Fc/)a 


Iiisol. 

Insol. 

Sol. 

Insol 

Insol 

Sol 


Insol 

Sol. 


Per 

Per 

IVr 

IVr 

Per 

Per 

Per 

Per 

Per 


Ctnt 

Cent 

Cent 

Out 

Cent 

Cent 

Out 

('eiit 

C'ent 

A 

2 27 


1 10 

2 35 

121 

0 82 

2 30 

100 

1.31 

B 

2 20 

1.05 

1 34 

2 33 

1 20 

105 

2 23 

1 12 

1.30 

C 

1.98 

101 

1.57 

2 32 

1.17 

131 

2 48 

1.12 

1.38 


’ Fritsch, J., Manufacture of Chemical Manures, pp. 123-129 (1911). 
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On the other hand, the storing of acid phosphate for protracted 
periods in large piles may impair its mechanical condition and some- 
times its chemical composition. The pressure excited on the material 
in the lower part of the heap, coupled with its contraction as the mass 
cools, tends to pack it. When the formation of gypsum is still in 
progress the superphosphate often becomes so closely cemented that 
it is difficult to break up. Again, improperly mixed acid phosphate 
or that high in compounds of iron and aluminum when closely jiacked 
is very apt to liecome gummy or to revert. Poitcr® states that in 



biCi 28 — Acid Phosphate DisiiiUgiator Closed Ready foi Use 

making acid phosphate by the “open dump” method the material should 
not be discharged on the pile until it is stiff enough to “set up ” 

The storing of acid phosphate in medium-si/ed piles, however, 
nearly always causes trouble due to its tendency to set. Even when the 
material improves by storing it is haidly economical to keep it over a 
few months, as the interest on the money invested more than counter- 
balances the added value of the product due to the inciease m available 
phosphoric acid. 

In Table XXVIII, the figures of which are taken from Fiitscli,*’ the 

•Jour Ind Eng. Chem , 3, 108 (1911) 

•Manufacture of Chemical Manures, p 137 (1911) 
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changes taking place in stored acid phosphate made from three different 
samples of Tenticssce phosphate (A, J>, and C) aie shown. 

P>cforc acid jdiosphalc can he hagged and shii)iK'd it usually must 
he broken up and ])Ut through coaisc sic\cs. ]n the case of super- 
phosphate which h«is been carefully made and stored for a relatively 
short time it often suffices to throw the material against inclined screens, 
the foice of the impact being great enough to disintegrate the lumps. 
When dealing with acid phosphate, however, which has been stored 
for a long time, it is necessary to use a machine for breaking up fhe 
maleiial. The ordinary crushing devices do not answer for this pur- 



bic. 29 — \iid Phosphate DismlcRialor Open to Show Coiisti uctioii 

pose, owing to the tendency of the acid phosphate to pack or become 
sticky when pressure is ajiplied, so chsmtegratoi s or mills of a special 
t}pe must be employed. 

In a machine like that shown m Figures 28 and 29 complete pul- 
ven/ation is brought about by submitting the material to innumerable 
shocks, but in such a mannei that no opportunity is given the acid 
jihosphate to pack or gum together. 

The disintegrator consists of a number of cgncentric cages made 
ui) of steel bais, all of wdiich aie inclosed in a casing. The cages are 
usually four in number, the first and third attached to a shaft which 
revolves in one direction and the second and fourth attached to another 
shaft having the same axis but revolving in the opposite direction. 
The casing can be readily opened and the cages slid apart and cleaned, 
as shown in Figure 29. 

The acid ])hosphate is fed through a hopper into the inner or 
smallest revolving cage and is thrown by centrifugal force against the 
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bars and into the second cagje, which is rcvoKiiifr in llic opposite direc- 
tion. From tlie second it is thrown into the tliird and then into the 
fourth, finally Ix'inj:; discharj^c'd fioni tlic nuchine thorouj^hly dis- 
intef^rated by the numenais impacts it has leceivcd. 'I'wo scrapers 
fitted to the outside cage prevent the material from adhering to the 
casing and clogging the machine. 

h>om the disintegrator the milled acid phosphate is taken up by ele- 



Fig 30 — Vcilual Section of Foibis KcvoUing Den and J'xcavator. 

vator to one or more storage bins from which it is discharged into a 
double weighing and sacking hopper equipped with scales and bag 
holders so that (juick and accurate weighings may be made. The filled 
and weighed sacks are dropped onto a slat conveyor which carries 
them forwaul directly into the freight cars while men standing on 
the conveyer sew the sacks as they move. 

Complete Mechanical Acid Phosphate Units. 

Within the past few years a number of complete units have been 
invented having for their object the very rapid and in some cases the 
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continual inanufacture. curing and conditioning of acid phosphate, 
thus reducing to a mininunn the amount of storage space necessary 
in a plant ha\ing a large potential i)roduction. The three following 
systems which are in successful oj^eration at a number of plants in 
this country are taken as typical examples of how the manufacture 
and conditioning of acid phosphate may be brought about in the shortest 
possible time. 

The first type, which is known as the “Forbis Den,” consists of an 
angular concrete den of relatively large proi)ortions, so constructed that 
either the den itself or the top of the den (carrying the mixing ma- 
chinery) revolves on its vertical axis. Effective means are provide 
to seal the joint between the den and its top, thus preventing the noxioi^s 
fumes from escajiing except through a flue provided for this purjxis^. 
A combined cutting device and excavator is also mounted on the platv 
form or cover of the den, and extending down into the den, shaves off 
thill sections of the jxirous mass, elevates it and dumps it onto a stor- 
age bin or directly upon the pile for final curing. The excavator is 
so spaced from the mixer that it cuts and removes only the acid phos- 
phate that has lieen in the den the longest period of time, the speed 
of the apparatus being so regulated that the material excavated is at 
least 8 hours old. Means are also provided for leading the fumes 
evolved from the mixing pan into the den and hence through a flue 
into an absorption or water spiay system which absorbs or decomposes 
the noxious gases and vapors. A vertical section of this den is shown 
in iMgure 30. 

The second tyjie designed by the Sluitevant Co. for the rapid 
manufacture and curing of acid phosphate is rectangular in form 
with wooden walls and a concrete base to which the rear wall is rigidly 
fastened. The side walls of this den arc hinged at the lop so as to 
allow them to swing outwardly when the den is being excavated. These 
side walls as well as the excavating device are suspended from a car- 
riage which moves backward and forward upon an elevated track. 
The excavator, which is directly in front of this den, consists of a 
circular framework bolted to a vertical shaft and carrying a system of 
aerating fans and a series of cutting or shaving knives arranged in 
staggered relation to one another. The front end or door of the den 
is suspended by chains from a rigid superstructure, which also carries 
the weighing devices and the mixer for the acid and rock. 

In operating this den the front door is lowered and the sides fastened 
at the bottom by wedges to prevent their swinging outward. The den 
is then filled in the usual manner with weighed charges of acid and 
j)hosphate rock which have been thoroughly stirred. After the material 
has set, the front door of the den is raised, the wedges removed from 
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the lower end of the side walls, allowing them to swing free, and the 
carriage from which the den walls and the excavator are suspended 
is moved backward by mechanical means at a slow and uniform rate, 
exi>osing the block of acid phosphate to the action of the excavator, 
which cuts its way into the mass, shaving off thin sections, which are 
at the same time aerated by the fans carried on the excavator. The 
disintegrated phosphate falls upon a conveyor at the side of the appa- 



Fig. 31— Sturtevcint C'omiiklc Afediaiiical Unit fur Manufacture uf Acid 

Phosphate. 


ratus and is carried to a pile for final curing or to the bagging machine 
to be sacked and shipped. This complete unit is illustrated in I'igure 31. 

A third system for mechanically discharging, disintegrating, and 
conditioning acid phos])hate is known as the “Svenska or Swedish 
System. 

The Svenska den is rectangular in form and the front end consists 
of a door or gate — the full width and height of the den— which may be 
raised and lowered by mechanical means. 

The discharging device consists of a vertical steel plate or piston 
which is drawn up close against the rear wall when the den is being 
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filled, bill which is pushed slowly forward by means of four mechani- 
cally operated screws when the den is ready to he discharged. 

In oj)erating this system the properly pr()j)ortioned charges of ])hos- 
phate rock and sulfuric acid are mixed in the usual way except that it 
is recommended to place the body of the mixer within the up])er part 
of the den in order to obtain the full benefit of the heat evolved from 
the reacting mass of acid j)hosphate. 'fhe charges are dropj>ed into the 
den as fast as they are mixed until the chamber is practically full, 
d'he mass is then allowed to “sef* for 15 or 20 minutes, after which 
it is usually sufficiently firm to be removed. 

The gate of the den is then raised and the discharging device or 
j)iston begins to ])ush the block of acid |)hos])hate slowly forward 
against a mechanical cutting device which crumbles or shaves the ma- 
terial and allows it to dro]) into the boot of an elevator. This elevator 
carries up the jxirtly disintegrated acid ])hos])hate and dumps it in a 
continuous stream into chutes which lead to a device called a rasper 
set into the top of a concrete silo. 'J'he rasper consists of a fan-like 
cutter revolving at high speed on its vertical axis. 'J'he material falling 
upon this device is further disintegrated and aerated, dro])s between 
the blades of the cutter and is distributed in the form of a relatively 
dry i)owder in the silo below. After remaining in the silo for approxi- 
mately 12 hours it is removed and is ready for shijmient. Wrtical 
sections of the “Svenska” system are illustrated in I'igure 32. 

The Chemistry of Acid Phosphate Manufacture. 

The four i>rincipal points sought in the manufacture of acid phos- 
j)hate are: iMrst, to obtain a product containing the maximum per- 
centage of Tut >5 .soluble in the conventional medium (neutral ammonium 
citrate) designated by the American Association of ( )fficial Agricultural 
C hemists as a measure of the availability of phosphates. Second, the 
elimination of the maximum amount of moisture whereby the per- 
centage of P-tfr, is not only increased but the mechanical condition of 
the product imprt)\ed. Third, the bringing about of the desired chemi- 
cal reactions and the drying and conditioning of the product so it may 
he shipi)ed in the least possible lime. Fourth, the employment of the 
smallest possible amount of sulfuric acid to obtain the results enumer- 
ated above. 

r»y the use of high-grade phosphate rock and the most up-to-date 
mechanical ecjuipment the first three conditions have been satisfactorily 
met, but though manufacturers have ex])ended much effort in attempt- 
ing materially to reduce the amount of sulfuric acid necessary to change 
the phosphate into an available form they have never been entirely 
successful. 
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If phosphate rock were practically pure phosphate of lime its treat- 
ment with sulfuric acid and the preparation of a uniform product of 
the proper chemical comiKjsition and in good mechanical condition 
would offer little difficulty. JUit not only does the sulfuric acid added 
act upon the phosphate of lime, but also upon the various impurities 
present in the rock, such as organic matter, iron, and aluminum com- 
pounds, fluorides and carbonates, all of which consume a certain 
amount of acid and form products affecting the comix)sition and physi- 
cal properties of the acid phosphate. The manufacture of this product, 
therefore, is not as simple as many arc led to believe and since the liulk 
of the fertilizer consumed in this country has acid phosphate aa a 
base it is thought desirable to treat its preparation in some detail. 
Therefore the main reactions involved between sulfuric acid and phqs- 
phate of lime as well as the minor reactions brought about between 
this acid and the impurities contained in phosphate rock arc described 
below. 

Tricalcium phosphate. — It is generally assumed that phosphoric 
acid is combined with lime in phosphate lock to form the compound 
tricalcium phosphate (Ca 3 (POi)j) known to the trade as bone phos- 
phate of lime or B.P.L. This com]X)und treated with sulfuric acid 
and water in the right proixirtions is converted into a mixture of gyp- 
sum and mono-calcium phosphate, this mixture being the ordinary acid 
phosphate of commerce. These main reactions may be quantitatively 
represented thus : 

Tricalcium phosphate 

orB.P.L. Sulfinii Acid 

Ca,(P04)2 + 2I-I,SC)4 

( 1 molecule, weight 310) (2 molecules, 

weight 196) 

Gypsum M ono-calcium phosphate 

2(CaS04, 2H,0) -f Call4(P04)2 
(2 molecules, (1 molecule, 

weight 344) weight 234) 

The above equation means that in order to change completely 310 
parts by weight of insoluble tricalcium phosphate or pure phosphate 
rock into soluble mono-calcium phosphate and gypsum, 196 ])arts of 
pure sulfuric acid and 72 parts of water are required or 1 ton (2000 
lbs.) of pure phosphate rock requires 0.63 tons of sulfuric acid and 
0.23 ton of water. 

Long experience in manufacturing acid phosphate, however, has 
shown that in actual practice better results are obtained by employing 


U'atcr 

+ 4H,0 = 

(4 molecules, 
weight 72) 
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sulfuric acid containing from 30.35 to 37.82 per cent of water (Chamber 
acid), (equivalent to 50° to 55° Be.), since it is more readily mixed 
with the phosphate rock and gives a better product. Nearly equal 
quantities of phosphate rock and such acid are usually mixed and 
while the proportion of water in this amount of acid is about 17 per 
cent greater than that required to form gypsum, part of the excess is 
driven off by the heat of the reaction in the mass. 

If less sulfuric acid is added to phosphate rock than that required 
to completely combine with two-thirds of the lime present, a certain 
amount of dicalcium phosphate is formed which though not a water 
soluble compound of lime and phosphoric acid dissolves readily in 
neutral ammonium citrate solution and is generally recognized as avail- 
able to crops. This reaction may be represented thus : 


Tricalcium phosphate or B.P.L. 

Ca:{(P04)2 -j- 

(1 molecule, weight 310) 


Sulfuric Acid 
II0SO4 
(1 molecule, 
weight 98) 


Water 

-f 2ILO = 
(2 molecules, 
weight 36) 


Gypsum 

C^SO,2UoO + 

(1 molecule, weight 172) 


Dicalciuin phosphate 

2CanP()| 

(2 molecules, weight 272) 


In order to insure a product free from uncombined phosphoric or 
sulfuric acid it is customary in factory practice cither to add less sul- 
furic acid than that theoretically required to entirely convert the lime 
into mono-calcium phosphate or to dust the acid phosphate product 
with finely ground phosphate rock or limestone. In either case a small 
quantity of dicalcium phosphate may be fonned. Since this compound, 
however, answers the conventional tests for availability and full credit 
is allowed for such phosphoric acid in marketing acid phosphate, it 
would seem logical from the standix)int of economy to employ only 
sufficient sulfuric acid to convert the phosphoric acid of phosphate rock 
into the dicalcium form. With this idea apparently in mind, Iloyer- 
mann took out a patent in 1903 in which it is proposed to mix with 
the phosphate rock, only one-third as much sulfuric acid as is usually 
employed. In actual factory practice, however, this general scheme 
has not yet proven successful, since the resultant product nearly always 
consists of a mixture of water soluble, citrate soluble, and a high per- 
centage of insoluble phosphates. 

This result is accounted for by the fact that tricalcium phosphate 
is very readily attacked by sulfuric acid, but the tendency of the reac- 
tion is to go to an end so that cither phosphoric acid or monocalcium 


“U. S. Patent No. 736,730 (1903). 
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phosphate is formed. While phosphoric acid is an active reagent, 
monocalciiim i)hosphate lias rather weak acid properties and does not 
readily react with the tricalciiim salt. Hence phosphate rock so treated 
always contains a high jiercentagc of insoluble phosphoric acid even 
after it has been allowed to stand for a long period of time. It is 
entirely feasil)l(‘, howexer, to produce dicalcium phosphate by the treat- 
ment of acid ])hos])hate with limestone, or burned or slaked lime, and 
this has often been done where a prejudice exists against soluble phos- 
phates because of their acid properties. Such practice, however, | is 



Fig. 33 — Interior View of Large Modxrii Xtid Pliosphate Failory 

not economical since it iinolves additional mixing and handling and 
the further dilution of the final product. While considerable work 
has been conducted with a view to reducing the quantity of sulfuric 
acid necessary in producing citrate soluble tdiosphoric acid without 
much success the problem does not ajipear insurmountable and seems 
well worthy of further research. 

Organic Matter . — Since practically all the phosphates with the ex- 
cejition of apatite, are of organic origin most of the dejxisits contain a 
certain amount of organic matter. In the case of our Western phos- 
phates and some of the jdiusjdiate deposits of Tennessee the content 
of organic matter is quite appreciable. On treatment with sulfuric acid 
the organic matter is partially oxidized and reduces the acid to sulfur 
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dioxide {SO>) and sometimes to hydrogen sulfide (HjS). This means 
of course, a consumption of acid and the evolution of gases which an 
not only olijectionalde hut more or less deleterious to health. Th< 
present practice, howexer, of drying phosphate rock either in rotan 
kilns or by huining it on ricks of wood oxidizes a certain amount o 
organic matter liefoie the lock is acidulated. In most of the phosphab 
rock marketed organic matter is haidly a factor of impoitance, am 
because of the difhcultv in ascei tainiiie^ in lust what form the our;niii 
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matter occurs it is not iiossible to jiredict what amount of acid it will 
consume, except by actual trial test. Little or no account is ever taken 
of organic matter inesent m the phosjihate lock 

SilUa and Siluatc.s — The chief impurities found in most mineral 
phosjihates are silica and silicates — the silica content of certain tyi>es 
of high guide jihosphate rock luiming as much as 15 to 18 jxir cent. 
The ])resenee of these imjnirities, however, is not considered objection- 
table exceiit insofar as they dilute the mineial and render it somewhat 
more difficult to giind. Silica, however, plays an important role in 
the pyrolytic or volatilization method of jiroducing phosphoric acid; in 
fact advantage is taken of its presence to bring about certain desired 
reactions and thus many phosphate deposits so high in silica as to be 
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unfit for acid treatment can thus be readily utilized. The volatilization 
process, however, is discussed further on. 

Sulfuric acid has no direct action upon silica and comparatively 
little effect nix)n most silicates, but when fluorides arc present there 
is an indirect reaction which is described below in some detail. 

Since most silicates are acted upon to only a limited extent by 
sulfuric acid and this action is very slow they need not ordinarily be 
taken into consideration in estimating the quantity of acid required 
to treat phosphate rock. ‘ 

Calcium Huoridc. — Fluorine is present in nearly all phosphate roCk, 
being usually combined with lime as calcium fluoride (Cal'j). In some 
cases the percentage of fluorine runs as high as 6 to 8 jkt cent, bVit 
usually not more than 3 to 5 per cent is present. 

The first and main reaction taking j)lace between calcium fluoricte 
and sulfuric acid may be quantitati\ely represented thus: 


Calcium Fluoride Sulfuric Acid 

Cah2 “f“ ITjSOt 

( 1 molecule, weight ( 1 molecule, weight 
78) 98) 


Water 

2H/) 

(2 molecules, 
weight 36) 


Gypsum 

CaSb 42 H ,0 + 
( 1 molecule, weight 
172) 


Ilydrofliiorii Acid 
2HF 

(2 molecules, weight 40) 


A certain amount of this hydrofliioric acid (111"), however, acts 
upon the silica present in the rock as follows : 


Ilydroduoric Acid 


Silica 

4fIF 

+ 

SiO, 

(4 molecules, weight 80) 


(1 molecule, weight 60 

Silicon Tetrailuoride 


Wafer 

SiF4 

+ 

2HoO 

( 1 molecule, weight 104) 


(2 molecules, weight 36) 


The silicon tetrafluoride, which is a gas, is -decomposed in turn by 
water with the formation of silica and hydrofluosilicic acid, thus: 


Silicon tetrafluoride 


Water 

3S\V, 

+ 

211,0 

(3 molecules, weight 312) 


(2 molecules, weight 36) 

Silica 


Hydrofluosilicic Acid 

SiOa 

+ 

2Il2SiFfl 

(1 molecule, weight 60) 


(2 molecules, weight 288) 
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Before this last reaction takes place, however, a considerable amount 
of silicon tctrafluoride escapes as a gas and in treating mineral phos- 
phates high in fluorides it is customary to pass the gases through spray 
towers or flues to decomixDse this compound and al)sorb the resulting 
hydrofluosilicic acid. This was done originally because these gaseous 
compounds of fluorine were a menace to the health of the laborers about 
the plant, were injurious to vegetation and a pronounced nuisance to 
surrounding communities. As in a number of other cases where the 



Fig. 35. — Bird's-Eye- View of World’s Largest Sulphuric Acid and Acid 

Phosphate Plant. 

abatement of a nuisance was forced upon the manufacturer, the col- 
lection of fluorine gases has resulted in the production of valuable 
compounds. 

Compounds of Iron and Aluminum . — Iron and aluminum oxides, 
either in the free state or combined as phosphates, arc the most objec- 
tionable impurities occurring in phosphate rock to be used for acid 
phosphate manufacture. Even when these impurities are present in 
relatively small quantities they cause a certain amount of ‘‘reversion” 
in the final product and when present in large amounts they are likely 
to produce a sticky acid phosphate difficult to handle and distribute 
uniformly in the field. 

The phosphate of iron in natural occurrence may be conveniently 
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represented by the formula lu'POi, althoiijjh actually it may be of an 
indefinite composition. The exact reactions which take place when 
this substance is treated with sulfuric acid are not known, but unques- 
tionably the iron is distributed between the two acids (llaPO^ and 
HjSC) 4 ). The general course of the reactions, however, is sufficiently 
well known to justify the assumption that they proceed mainly accord- 
ing to the following equations : 


Iron Phosphate 


Sulfuric Acid 

2Fer(), 

+ 

31foS( >4 

(2 molecules wt. 302) 


(3 molecules wt. 2^)4) 

Iron Sulfate 


Phosphoric Acid 

Fe,(S() 0 . 

+ 

211, ro, 

(1 molecule wt. 400) 


(2 molecules wt. F^O) 


The reaction, howe\er, indicated ;ibo\e is more or less re\ersible 
and in the presence of water In drat ed phosj)hate of iron is formed as 
a gelatinous preeijntate thus : 

Phosphoric Hydrated Iron 

Iron Sulfate Acid IPatrr Phosphate Sulfnrh Aiid 

Fco(S 04 ), + -f 4H.()_2FeP()i.2ITo() -f SU, Si), 

The hydrated iron ])hosphate is a \ery slightly soluble, sticky, dis- 
agreeable compound which if present in relatively large amounts may 
impart objectionable physical j)roj)erties to the entire j)roduct. 

Fritsch states that two per cent of iron oxide in j)hosphate rock 
is not objectionable because the quantity of iron sulfate ])roduce(l there- 
from remains unaltered in the acid phosphate, but it appears very 
doubtful to the writers if he is right in this assumption. It seems much 
more likely that the com])lete or nearly coinj)lete solubility of the ])hos- 
phoric acid in acid phosphate made from rock high in iron and aluminum 
is due to the solvent effect of other coni|X)unds present, for wSchneider 
has shown experimentally that solutions of sulfate of iron increase 
the solubility of iron phosphate, and Cameron an(LP>elP“ have demon- 
strated that gypsum, lime, and j)hosphoric acid also aid the solubility 
of this substance. 

Hydrated iron ])hos])hate, however, may be converted into the an- 
hydrous and even less soluble condition by reacting with anhydrous 
calcium sulfate, the latter ccjmpound being converted into gypsum thus : 

“Manufacture of Chemical Manures, pp. 78-79 (1911). 

“Zeit. Anorg. Chem., 5. p. 84; 5, p. 386 (1894). 

“Bull. 41, Bureau of Soils. 
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in 


Hydrated Iron Anhydrous Calcium Anhydrous Iron 

Phosphate Sulfate Gypsum Phosphate 

FeP042H,0 + CaS04 = CaS04 . 2HoO + FCPO4 

This last reaction partly explains why acid phosphate in excellent 
mechanical condition but with a relatively high |>ercenlage of phosphoric 
acid insoluble in water is often made from rock containing large 
amounts of iron and aluminum. Compounds of aluminum in phosphate 
rock react in a manner similar to those of iron but to a less marked 
degree. 

There is considerable difference of opinion regarding the maximum 
quantity of iron and aluminum which a phosphate rock may contain 
and still be successfully used for the manufacture of acid phosphate. 
Wyatt claims that i)hosphates containing from 6 to 8 per cent of iron 
and aluminum oxides may be used, ])roviding there is sufficient car- 
bonate of lime present to give a dry product. Schuecht and Fritsch 
seem to regard the ])rescnce of more than 3 jkt cent of the combined 
oxides of iron and aluminum as undesirable. Stillwell states that 
phosphates containing from 4 to 6 per cent of these oxides may be suc- 
cessfully handled but that the presence of more than 2 per cent is ob- 
jectionable. In actual factory practice, however, phosphate rock con- 
taining as high as 6 j)er cent combined oxides of aluminum and iron 
are being successfully worked up into acid jdiosphate and though the 
handling of such ])hos])hates necessitates increased care and cx]>ericnce, 
there seems little reason why they should not be employed if proper care 
is taken in their manipulation. 

From the foregoing it would aj^pear that in treating phosphates 
high in comixmnds of iron and aluminum great care must be exercised 
both in the proportioning of acid and rock, and in the subseciuent 
curing of the product to insure the absence of excess water or acid. 
Probably nothing has done more towards solving this problem than 
the adoi)tion of modern methods for the mechanical excavation and 
aeration of acid phosphate. 

Carbonates of Lime and Magnesia , — The presence of carbonates in 
relatively small quantities is considered by some as an advantage rather 
than an objection in the manufacture of acid phosphate where a dry, 
readily handled product is of prime consideration. The carbonic acid 
is usually combined with lime and it is in this form that it is considered 
here. Sulfuric acid acts upon calcium carbonate to form calcium 
sulfate, water or steam and carbon dioxide. The latter escaping as a 

Pho.sphates of America, pp. 111-116 (1891). 

“Die Fabrikatioii des Superpho.sphate.s, pp. 79-83 (1909). 

“Manufacture of Chemical Manure.s, pp. 78-80 (1911). 

"Industrial Chem., Rogers and Aubert, p. 403 (1912). 
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gas, facilitates the elimination of moisture and renders the material 
porous and readily disintegrated. The calcium sulfate formed com- 
bines with water to form gypsum, just as in the case of the reaction 
between tri-calcium phosphate and sulfuric acid. The reactions may 
be represented thus : 

" Sulfuric Acid Calcium Carbonate Water Gypsum 

H 2 SO 4 + CaCOa + HoO =:= CaS04 . 2HoO 
(1 molecule (1 molecule (1 molecule (1 molecule 

wt. 98) wt. 100) wt. 18) wt. 172) 

Carbon Dioxide 
CO. 

(1 molecule wt. 44) 

In acidulating phosphates high in carbonates, the reactions begin 
promptly in the mixing pan because of the ease with which carbonates 
are acted upon by sulfuric acid. This preliminary action tends to heat 
the mass, which facilitates the rejictions between the acid and the other 
constituents of the phosphate rock. The gyi)sum produced tends to 
prevent the formation of gelatinous hydrated phosphates of iron and 
aluminum which are so objectionable both from the physical and chemi- 
cal standpoints. On the other hand, the acidulation of phosphate rock 
high in carbonates is not usually economical where better grades of this 
mineral are available, for the sulfuric acid required to decompose these 
carbonates adds considerably to the manufacturing cost without a cor- 
responding increase in the value of the product. In recent years a 
process patented by C. G. Memminger has been used in the Florida 
phosphate fields for enriching pebble phosphate which is to be shipi^ed 
abroad. This process consists of calcining the phosphate rock at a 
sufficiently high temperature to decompose the carbonate of lime, drive 
off the carbon dioxide and cause the lime to combine with silica to pro- 
duce calcium silicate. In this way the actual percentage of bone ])hos- 
phate of lime may be raised 3 to 4 i>er cent and since the calcium silicate 
is not readily attacked by sulfuric acid an actual saving in the cost of 
acidulation is thus brought about. One of the objections raised to the 
use of this material, however, is that the absence of carbonates causes 
the action between the calcined rock and sulfuric acid to be relatively 
slow unless the latter is heated up to give the reactions an initial impetus. 
The other objection is that the lack of carbonates prevents the material 
from becoming porous due to the escape of carbon dioxide and hence 
the excess of water is not so readily driven off. 

«U. S. Patent No. 1,192,545 (1916). 
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Quantity, Strength, and Temperature of Sulfuric Acid Required in 
Manufacturing Acid Phosphate . — While the quantity, strength, and 
temperature of sulfuric acid, which should be used in treating phosphate 
rock to obtain an acid phosphate containing the maximum amount of 
available 1*2^ ^5 Jind in the Ik'sI mechanical condition, cannot be deter- 
mined absolutely from the chemical composition of the phosphate rock, 
nevertheless a close ai)proximatioii may and should be made from the 
analysis of the phosphate which is to be acidulated. 

As a specific instance of how the quantity of sulfuric acid (of 
various strengths) required may be fairly closely determined, let us 
take a sample of an average grade of Florida pebble phosphate the com- 
position of which is usually expressed in the following form (Table 
XXIX). 

TABLE XXIX 

Analyses of an Average Grade oi* Florida Pebble Phosphate 


Ingredient 

Composition 

Per Cent 

IVIoisture 

2.0 

Calcium fluorides (CaF^) 

7.9 

Tricalcium phosphate (Ca 3 (P(l 4 ) 2 ) 

68.0 

C alcium carbonate (CaCOj) 

7.5 

J^'erric oxide (Fe^Oa) 

1.5 

Alumina (AUOj) 

2.1 

Silica (SiOa) 

6.9 


Total* 

95.9 



♦ This analysis does not include some of the minor constituents. 


Since the main object in acidulating phosphate rock is to convert 
this phosphoric acid into an available form with due regard to the 
chemical action of the acid upon the other constituents in the material, 
the quantity of acid necessary may be approximately determined by 
calculating the amount required to satisfy the following equations, most 
of which have been previously given, but which are brought together 
here for the sake of clearness, 

(1) Ca.(P04)a + 2 H 2 SO 4 = CaH4(P04)2 + 2CaS04 

1 Adoleculc 2 Molecules 1 Molecule 2 Molecules 

Wt. 310 Wt. 196 Wt. 234 Wt. 272 

(2) CaF* + ILSO 4 = 2HF + CaS 04 

1 Molecule 1 Molecule 2 Molecules 1 Molecule 

Wt. 78 Wt. 98 Wt. 40 Wt. 136 


(3) Fe^Oa + 3IIaS04 = Fca(S 04 ). + 3ITaO 

1 Molecule 3 Molecules 1 Molecule 3 Molecules 

Wt. 160 Wt. 294 Wt. 400 Wt. 54 
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(4) AUO, + 3H.S04 = Ala(S 04 ). + 3HaO 

1 Molecule 3 Molecules 1 Molecule 3 Molecules 

Wt. 102 Wt. 294 Wt. 342 Wt. 54 


(5) CaCOa 

1 Molecule 
Wt. 100 


+ II 2 SO 4 
1 Molecule 
Wt. 98 


= CaS(\ 

1 Molecule 
Wt. 136 


+ CO, 

1 Molecule 
Wt. 44 


+ 11,0 

1 Molecule 
Wt. 18 


If we take the first equation shown to illustrate how the calcula- 
tions are made in determining the amount of acid necessary for the 
treatment of this phosphate rock we see that 196 parts by weight qf 
pure sulfuric acid are required to convert 310 parts of tricalcium phosV 
phate into the monocalcium or soluble form. Therefore, .632 parts ofi 
acid will be required for every part of tricalcium phosphate. If we use' 
“ordinary chamber acid’' having a strength of 52° Be. which contains^ 
according to the table on page 137, 62.8 per cent of sulfuric acid, we 
find that 1.016 parts by weight will be necessary for every one part of 
tricalcium phosphate. 

In Table XXX, which is modified from one prepared by Wyatt,’® 
the quantity of sulfuric acid of various strengths necessary to bring 
about the reaction outlined above is given. 


TABLE XXX 

Weight of “Chamber Acid” of Various Strengths Required to Convert 
One Pound of Ea( ii of the Ingredients of an Average Phosphate Ro( k 
Into the Compounds Kmstjng in Normal Acid Phosphate 


Quantity and Strength of Acid Required 


Material Acidulated — 
Ingredient 

48° 

Re. 

49* 

Be. 

50° 

Be. 

51° 

Be. 

52° 

Be. 

53° 

Be. 

54° 

Be. 

55° 

Be. 

Tricalcium phosphate 
fCa.(P04),) 

1.060 

1.040 

1.016 

0.992 

0.970 

0 948 

0.927 

0.907 

Calcium fluoride (CaF,).. 

2.117 

2.067 

2.019 

1.972 

1.928 

1885 

1.843 

1.803 

Ferric oxide (FcaO,) 

1.640 

1.601 

1.564 

1.528 

1 494 

1.460 

1.428 

1 397 

Alumina (AbO,) 

2.023 

1.975 

1.929 

1.885 

1.842 

1.801 

1.701 

1.723 

Calcium carbonate 
(CaCO.) 

1.652 

1.613 

1.576 

1.539 

1.504 

1.471 

1.438 

1.407 


Applying the figures given in Table XXX to the ])articular grade of 
rock under consideration it is an easy matter to determine the actual 
weight of acid (of each strength) required to acidulate a hundred 
pounds of the phosphate. These values are given in part in Table 
XXXI. 


"Phosphates of America, p. 110. 
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TABLE XXXI 

Quantities of “Chamber Ann” Required (Theoretically) to Convert 100 
Rounds of an Averaije I''lori»a Pebbi.e riiospiiATE Into Acid Phosphate 


Components of Rock 

Per 

Cent 

Present 

Strength and Quantities of Acid 
Required per 100 Pounds of 
Pebble Phosphate 

48“ Be. 

50“ Be. 



Tricalciiim phosphate (('aiP()4)a 

Calcium fluoride (Cah\) 

Iron oxide (FcjOa) 

Alumina (AlaOa) 

Calcium carlionate (CaCOa) 

Silica (SiOa) 

Moisture (IIjO) 

TT ntal T 

68.(1 

7.9 

1.5 
2.1 

7.5 

6.9 
2.0 

72.1 

16.7 

2.5 

4.3 

12.4 

69.1 

16.0 

2.4 

4.1 

11.8 

66.0 

15.2 
2.2 
3.9 

11.3 

63.0 

14.6 

2.1 

3.7 

10.8 

<).S.9 

108.0 

103.4 

98.6 

94.2 



It can 1)C readily seen that if the object was merely the converting 
of the phosphoric acid of phosjihato rock into a soluble form the prob- 
lem of producing acid phosphate would he a relatively simple one, but 
not only must the jihosphoric acid he readily available but the final 
product should he in a mechanical condition which will admit of its 
ready distribution in the soil. It is customary, therefore, among manu- 
facturers to employ somewhat less than the amount of sulfuric acid 
theoretically re<iuired in order to insure a dry, easily disintegrated 
product. 

The strength of the sulfuric acid used also has an important influ- 
ence on the (juality of the acid phosphate. The amount of strong sul- 
furic acid theoretically necessary to produce acid phosjihate is of such 
small hulk that it is difficult to mix it thoroughly with the ground phos- 
jihatc rock; moreover, the calcium sulfate formed being less soluble 
in strong than in weak sulfuric acid tends to coat the rock particles 
and prevent comiilete reaction from taking place. 

On the other hand, if very dilute acid is employed the amount re- 
quired for the dccoinixisition of the rock is so large and contains such 
high ixTcentages of water that the mass does not heat up readily, 
chemical reaction is delayed, and even if finally complete, the product 
contains so much moisture that it is apt to he in very poor mechanical 
condition. The strength of acid with which the best results are or- 
dinarily obtained ranges between 50° Be. and 55° Be., although when 
dealing with phosphates abnormally high in iron and aluminum com- 
pounds acid of greater strength may be advantageously employed. 

The temperature of sulfuric acid used also affects the quality of 

"Bulletin 33, Bureau of Soils, U. S. Dept. Agriculture, pp. 41 and 42 (1906). 
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the acid phosphate produced, though some manufacturers pay little 
attention to tliis ^xMiit, mixing their rock at all seasons with the same 
weight of acid at whatever the temperature of the air may hapf)en to 
be. In certain localities such practice may mean a difference of 100 ® F. 
between the temj)eraturc of the acid used in summer and in the winter 
months. Other manufacturers believe that phosphate rock should never 
be mixed with sulfuric acid which has a temperature lower than 75 ° 
to 80° F., and still others use acid at 120° to 180° F. One of the fer- 
tilizer companies in this country which purchases its sulfuric acid ^nd 
has it delivered at a strength of 60° lie. dilutes this acid to 49° to 51° 
Be., mixing it immediately with the ground phosphate rock, thus taking 
advantage of the heat generated in diluting this reagent. 

While there is considerable difference of opinion regarding this point 
there are certain general rules which may be followed. Fhosphat^ 
high in carbonates heat up quickly in the mixer and if care is not exer- 
cised, violent frothing is apt to occur and the t>an overflow. It is, there- 
fore, unwise to use highly heated acid for such phosphates. On the 
other hand, phosphates high in iron and aluminum compounds, and 
those which have been calcined to the point where the carbonates are 
decomposed and lime silicates formed, react very much more sluggishly 
and, therefore, hot acid may be advantageously employed. 

No definite formula: can be laid down which will apply to all grades 
of phosphate rock and no absolute rules made which will suit the 
different conditions under which the various factories oiierate. The 
best temperature, concentration, and quantity of acid to employ is more 
or less a separate problem for each individual plant and trial mixes are 
necessary to finally establish these points, but the manufacturer who 
does not exercise close supervision and chemical control over his raw 
materials and factory practice cannot possibly produce acid phosphate 
as efficiently or as economically as one who gives strict attention to such 
essential details. 


Double Superphosphate. 

Double Superphosphate, as its name implies, is a highly concen- 
trated phosphatic fertilizer obtained as a rule by treating in two stages 
double the quantity of phosphate rock required for the ordinary acid 
phosphate. As far as its concentration is concerned, however, this 
product should be termed triple superphosphate since it contains about 
three times as much P/J 5 as the acid phosphate produced by a single 
treatment of phosphate rock with sulfuric acid. 

The production of double superphosphate involves first the prepara- 
tion of phosphoric acid and second the use of this acid as a reagent 
in decomposing phosphate rock to produce monocalcium phosphate, 
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Since both the rock and reagent furnish P 2 O 6 to the product, it is easily 
seen why double superphosphate carries such a high percentage of this 
basic fertilizer ingredient. 

While theoretically the production of double acid phosphate, start- 
ing with phosphate rock and sulfuric acid is a relatively simple pro- 
cedure, in actual practice it presents considerable mechanical difficulty 
and requires costly equipment and a large number of additional steps 
which partly offset the advantages gained in having a more concentrated 
final product. 

It is necessary to use dilute sulfuric acid (27° to 30° Be.) for the 
decomposition of the first batch of phosphate rock and the additional 
water thus introduced must be subsequently evaporated before the phos- 
phoric acid produced can be successfully used in the treatment of the 
second batch of phosphate rock. The evaporation of this water adds 
considerably to the cost of production. 

Another step necessary before the second batch of rock can be 
acidulated is the separation of gypsum and other insoluble impurities 
from the phosplioric acid. At one time this separation was effected by 
means of filter i)resses, but now the continuous counter current system 
of decantation has simplified this septiration and phosphoric acid having 
a concentration of 27° to 30° Be. can be obtained quite economically. 

From the standpoints of economy and efficiency phosphoric acid 
appears to be the logical acid to employ in treating phosphate rock, but 
up to recent years when the pyrolytic methods of producing this acid 
were developed, phosphoric acid was only produced in commercial 
quantities for fertilizer puri)oses by the action of sulfuric acid upon 
bone or phosphate rock; therefore when mineral phosphates were 
treated with phosphoric acid it meant that sulfuric acid was being in- 
directly employed. But even so, the production of phosphoric acid 
by the sulfuric acid method and the subsequent use of this phosphoric 
acid to treat other batches of phosphate rock has certain advantages. 
In this way phosphate deposits of relatively low grade may be utilized 
and highly concentrated phosphate fertilizers produced which will with- 
stand the cost of long freight hauls and heavy handling charges. The 
pyrolytic process of producing phosphoric acid, however, which is dis- 
cussed in detail in a subsequent chapter makes it possible to produce 
this compound without the aid of .sulfuric acid and in any desired 
concentration. Thus it appears that in future fertilizer practice, as 
well as in many other chemical operations, phosphoric acid will be very 
much more widely employed than in the past. 

The preparation of phosphoric acid both by the sulfuric acid and 
pyrolitic processes is described in subsequent chapters, so only that part 
of the manufacture of double superphosphate involving the treatment 
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of phosphate rock with phosphoric acid and the curing, drying and dis- 
integration of the product is discussed below. 

Since tricalciuni ])hos])hatc is the chief ingredient of phosphate rock 
the main reaction taking place on treating this mineral with phosphoric 
acid is represented thus : 

Tricalcium Phosphate Phosphoric Add Mouocalchmi Phosphate 
Ca^CrOO. + - 3Call4(PC)4)o 

While it would ap])ear from the above reaction that the manu fact lire 
of double suix'rplios])hate is a relatively simple procedure in actual 
practice it requires both skill and cxjxriencc. Moreover the physical 
properties of this product are not as desirable as those of acid pbos])hate 
and hence greater care is required in its preparation. 

Just as in the case of manufacturing ordinary acid phosphate, how- 
ever, the various impurities ])resent in the mineral must be taken into 
consideration when figuring the proportions of acid and rock required 
to obtain the maximum availability of the PjOr, and a final product 
which can be readily and unifornil> aiqdicd in the field. 

These impurities as shown in the chapter on \cid Phosjdiate consist 
of silica, iion and aluminum oxides or ])hos])hate calcium carbonate, 
calcium fluoride. 

The reactions between most of these impurities of idiosphate rock 
and phosi)boric acid are quite similar to those taking place when sul- 
furic is cmplo}ed cxcej)t that the corresjKMiding phosjdiate of the base 
is produced instead of the sulfate. The main reaction taking place when 
phosphate rock is treated with jihosphoric acid is rej)rcsented by the 
equation given above. 

The final product is very similar to that obtained by the treatment of 
phosphate rock with sulfuric acid except that it is not diluted with 
gypsum and hence contains a much higher percentage of ]>hosj)horic acid 
(from 40 to 50 per cent P^Og) than that in ordinary acid i)hos])batc 
(which contains only from 16 to 20 jk-t cent PoO-.)- 

Finally since double or trijile acid jdiosphale contains no calcium 
sulfate to take up water and form gypsum, it is not, as ordinarily pro- 
duced, self-drying and, therefore, is dried by artificial means. The fuel, 
time, and care required in reducing the moisture content also adds 
materially to the cost of production. 

Since the sulfuric acid jirocess of manufacturing ])hf)si)horic acid 
is still widely employed the most modern practice now in use is de- 
.scrilied in C hapter VI. 
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Treatment of Phosphate Rock with Acids Other than Sulfuric. 

There are two main reasons why sulfuric acid is so universally 
employed in treating phosjdiate rock : first, it is the chea])est and most 
readily manufactured acid which we have and upon it we depend largely 
for the production of other acids, and second, because one of the 
products obtained by treating phosphates of lime with sulfuric acid is 
gypsum, which renders acid phosphate more or less a self-drying 
material. Other acids, however, have been proposed for this purpose, 
chiefly hydrochloric acid, sulfur dioxide and sulfurous acid, nitric acid, 
hydrofluoric acid, and phosphoric acid. In the opinion of the writers, 
however, only the last three warrant much consideration, but a complete 
list of the patented processes in which various other acids arc employed 
is given in Table LX VI of the Appendix. 

Sulfur Dioxide mid Sulfurous Acid . — The use of sulfur dioxide and 
sulfurous acid to decompose phosphate rock has been ])roposcd by 
Designolle,^^ Bergmann,-^ Machalske,-® Meyers,-^ Blumenberg,^* 
Sadtler.^® If this general scheme were feasible it would simplify very 
much the production of soluble or available phosphates since the gases 
from burning sulfur or pyrites could be used directly in treating phos- 
phate rock instead of having to go through the elaborate steps required 
in making sulfuric acid. Blunienberg,^' moreover, claims that SOa does 
not attack the impurities of phosphate rock and hence this method offers 
a means of handling phosphates unsuitable for treatment with sulfuric 
acid. 

The senior author’s exi:)erience has been, however, that the weak 
nature of sulfurous acid renders its action upon phosphate rock very 
incomplete and, therefore, sulfur dioxide or sulfurous acid alone is not 
an efficient reagent for decomposing mineral phosphates. Meyers,^® 
however, claims to overcome this objection by acting upon the mineral 
(in the presence of water) with a mixture of SOo, SO3 and air, and 
obtains such a mixture by passing the gases from burning sulfur or 
pyrites through a catalyst before they come into contact with the phos- 
phate rock. 

As far as is known such processes are not in successful commercial 
use. 

”U. S. Patent No. 196,881 (1877). 

”U. S. Patent No. 852,372 (1907). 

”U. S. Patent No. 902,425 (1908). 

*U1. S. Patent No. 1,246,636 (1917). 

“U. S. Patent No. 1,251,741 (1918). 

S. Patent No. 1,326,533 (1919). 

” Loc. cit. 

“Loc. cit. 
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Hydrochloric Acid , — The decomposition of phosphate rock with 
hydrochloric acid has been suggested by Tjel)ig/“® Horsford,®” Koefoed,^^ 
Newberry and Barrett,®- and Glaser,®® but unless this acid can be ob- 
tained very cheaply as a by-product of other industries it has little to 
recommend it. The usual method of manufacturing this acid consists 
in treating chlorides with sulfuric acid and under these conditions it 
would seem much more economical of time, money, and materials to 
treat phosphate rock directly with sulfuric acid. But even if hydro- 
chloric acid can be obtained at a price which will admit of its bein^ 
employed in decomposing mineral phosidiates, the fact that calciunb 
chloride is one of the products of this reaction introduces another 
serious objection to its use. Calcium chloride is not only very soluble! 
in water, and therefore cannot be readily separated from the other\ 
soluble constituents in the re.siiltant mixture, but itjj hygroscopic nature 
is such that if left in the mass it will cause the entire product to be so 
wet and gummy as to render it unfit for fertilizer purix)ses. 

In order to overcome this objection and obtain a product free from 
calcium chloride, Newberry and Barrett suggest treating phosphate 
rock with a mixture of sulfuric and hydrochloric acids, separating the 
solution from the insoluble residue and gypsum, evaporating the filtrate 
to dryness and gently igniting the dried mass. It is claimed that 
dicalcium (citrate soluble) phosphate is formed and hydrochloric acid 
driven oflf, collected, and used over again. The inventors represent the 
reactions thus : 

(1) Ca 3 (P 04)2 + IPSO^ + 2HC1 = CaS 04 + CaCl, + 

CalUfPO^).. 

(2) CaIl 4 (P 04)2 + CaCl2==^-2(;aliP04 + 2110 

Glaser also proposes to precipitate and remove dicalcium phos- 
phate from the solution obtained by treating jdiosphate rock with 
hydrochloric acid and for this purpose adds milk of lime. Calcium 
chloride is obtained as a by-product. 

Nitric Acid . — The use of nitric acid as a reagent in effecting the 
decomposition of phosphate rock has been j>roposed by Schlutius,®® 
Braun, Bretteville,®® and Foss.®® The fact that tliis chemical in addi- 

“U. S. Patent No. 49,831 (1865). 

S. Patent No. 130,298 (1872). 

"U. S. Patent No. 281,635 (1883). 

”LJ. S. Patent No. 1,020,153 (1912). 

”U. S. Patent No. 1,235,025 (1917). 

”Loc. cit. 

■“Loc. cit. 

-U. S. Patent No. 872,757 (1907). 

”U. S. Patent No. 1,058,145 (1913). 

"U. S. Patent No. 1,011,909 (1911). 

«U. S. Patent No. 1,292,293 (1919). 
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tion to its energetic acid properties brings to the product another valu- 
able fertilizer ingredient makes it appear at first sight particularly 
attractive. But nitric, acid is not only an expensive reagent but be- 
cause of its volatile nature and corrosive action at practically all 
concentrations it cannot be readily shipped from place to place like 
sulfuric acid. Moreover, in acidulating phosphate rock with this 
compound great care must be exercised that the acid used is not too 
strong or the temperature does not rise too high, else there will be 
serious losses of valuable oxides of nitrogen. The very nature of acid 
phosphate is such that there is a tendency to drive off any readily 
volatilized acid, and this is why only limited amounts of nitrate of soda 
and ammonium nitrate can be used in mixed fertilizers having acid 
phosphate as a base. In order to avoid such losses P>raun proposes 
to treat the rock with only sufficient nitric acid to produce dicalcium 
phosphate and thus obtain a mixture which is practically neutral, but 
even under the most favorable conditions nitric acid is open to the same 
objection as hydrochloric acid for calcium nitrate, one of the com- 
pounds formed by the reaction, is very hygroscopic and therefore likely 
to cause the final product to be so wet that it cannot be readily handled 
and distributed. 

If, however, synthetic proces.ses for producing nitric acid are so 
j)erfected that this compound can be obtained at a relatively low figure, 
it may at some future date play an important i)art in the treatment 
of phosphate rock. It is a significant fact that most of the i)atents 
cited above had their origin in Germany and Norway, where synthetic 
nitrogen compounds are being produced more cheaply than elsewhere. 

Ilydroiluoric Acid . — From certain standpoints the treatment of 
phosphate rock with hydrofluoric acid presents rather attractive possi- 
bilities. Its energetic chemical action towards silica and silicates would 
seem to make it ideal for enriching phosphates high in these impurities. 
Moreover, calcium fluoride, which is the product resulting from its 
reaction with certain lime compounds, is an insoluble substance which 
can be separated from the soluble ingredients by decantation or 
filtration. 

On the other hand, hydrofluoric acid is not very effective in decom- 
posing phosphates, due in part to the insoluble nature of this calcium 
fluoride which forms as a coating over the undecomposed phosphate, 
thus retarding or preventing further action by the acid. The fact also, 
that hydrofluoric acid is produced only incidentally in the decomposition 
of minerals containing relatively small amounts of fluorides as impuri- 
ties makes it seem unlikely tliat this acid will ever be available in 
sufficient quantities to be a large factor in the manufacture of fertilizer. 
* "Loc. cit. 
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In discussing the manufacture of acid phosphate it was stated that both 
hydrofluoric and hydrofluosilicic acids are evolved in treating phos- 
pliatcs of lime with sulfuric acid, and these same products are also 
driven off when phosphoric acid is produced from phosphate rock by 
the pyrolytic process. 

Hcchenbleikner proposes to utilize these acids of fluorine to treat 
another batch of phosphate rock and claims that in dilute solutions they 
decompose the mineral phosphates very completely. He also states 
that the presence of gelatinous hydrofluosilicic acid in the dilute solutiqjn 
causes the calcium fluoride precipitate to settle so rapidly and coih- 
pletely that the phosphoric acid can be readily separated by decantation. 
He suggests that this dilute phosphoric acid be used to reduce the con\ 
centration of sulfuric acid to the proi>er strength for the manufacturci 
of acid phosjdiate, thus enhancing the r-C)^ content of this product. ^ 

“Ammonium Phosphate and Concentrated Fertilizers.” 

f')! all the compounds of phosphoric acid, those which offer the 
greatest promise of future expansion are the phosphates of ammonia. 
In fact the production of these salts bids fair to equal if not eventually 
outstrip that of monocalcium phosphate. 

While the production of ammonium phosphates for fertilizers is 
growing in Kuropean countries, particularly in Germany, the use of 
such salts in this country has been confined largely to such minor pur- 
poses as yeast cultures, bread improvers and fire proofing com]x)nnds. 

But with the great advances, which are being made in the i)roduc- 
tion of synthetic ammonia and the development of the volatilization 
process of producing phosphoric acid, there is every reason to expect 
that the phosphates of ammonia will ])lay a major ])art in the production 
of concentrated fertilizers. 

Only monoammonium phos])hate (NHJT.,PO,) and diammonium 
phosphate ((NH4)oHP04) are sufficiently stable compounds to be used 
as fertilizer materials, and even the latter compound when pure is apt 
to undergo some decomposition in moist air. Tn a dry atmosphere, 
however, it keej)s very well and it is claimed that it can be so prepared 
that it will retain its ammonia under average atmospheric conditions. 

With the exception of the phosphates of potash, mono and di- 
ammonium phosphate contain higher percentages of fertilizer ingredi- 
ents than any other known compounds suitable for direct application 
to the field. Moreover, where most fertilizer materials now on the 
market contain only one plant food ingredient, ammonium phosphates 

«U. S. Patent No. 1,313,379 (1919). 

“ Monoammonium phosphate carries a total of 76.5 per cent, and diammoniutn 
phosphate a total of 79.6 per cent of combined Nila and PaOa. 
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carry two — the acid and base of these salts, each furnishing a fertilizer 
constituent. 

Two of the most widely used fertilizer materials, which carry only 
a single fertilizer ingredient arc acid phosphate and ammonium sulfate, 
both of which are produced through the agency of sulfuric acid. 

Acid phosph.ate, which has already been discussed in some detail, 
is a mixture of monocalcium phosphate and calcium sulfate and is 
manufactured by treating phosphate rock with an equal weight of 60 
per cent sulfuric acid. The acid merely plays the part of a cheap 
reagent in this process and largely remains in the product as gypsum, 
which has little or no commercial value. 

Ammonium sulfate, which is our chief domestic source of ammonia 
for fertilizer purposes is likewise produced by means of sulfuric acid. 
Jlerc again sulfuric acid acts merely as a convenient means of fixing 
or carrying the fertilizer ingredient (ammonia) in a form, which can 
be readily handled and distributed. 

In both these cases the acid employed has no value other than its 
])()wer to convert another material into a salalde form. Moreover, it 
acts as a diluent so that the final product contains less of the market- 
able ingredients than the raw materials from which they are prepared. 

The sulistilution of phosiihoric acid or sulfuric acid as an absorbent 
for ammonia gas is both logical and practicable. In this way the fixing 
])ower of phosphoric acid is utilized and at the same time a product is 
obtained, which not only possesses physical properties fully as good as 
ammonium sulfate, but contains high percentages of two fertilizer 
ingredients, which insure substantial economies in handling, shipping 
and distribution. 

The manufacture of monoammonium phosphate is a relatively 
simple process and merely consists in passing the proper quantity of 
ammonia gas into ]diosphoric acid (75 per cent Il.-iPOt). The batch 
heats up rapidly, then becomes pasty and finally crystallizes on cooling 
to a solid mass. The crystals are centrifuged to free them from mother 
liquor, dried and sacked. The final product is a dry, white, crystalline 
salt containing when pure 14.8 {hqt cent NH 3 and 61.72 per cent P-O^. 
It has no water of crystallization. 

]*urc diammonium phosphate is not as simply produced from strong 
acid as the mono salt since, in passing ammonia into concentrated 
phosphoric acid the heat of the reaction is such that the solution will 
no longer take up ammonia gas when a point is reached midway be- 
tween, mono and diammonium phosphates. If the solution is cooled 
at this jioint the whole mass solidifies, which also prevents the absorp- 
tion of sufficient ammonia to convert the product completely to the 
di salt. 



184 PHOSPHORIC ACID AND PHOSPHATES 

By adding strong ammonia liquor, however, to the solution at the 
point where it contains approximately equal quantities of mono and 
diammonium phosphate, the product may be completely carried over 
to the latter compound. Diammonium phosphate may also be prepared 
by passing ammonia gas into dilute solutions of phosphoric acid, cooling 
and crystallizing. This entails, however, the handling of considerable 
mother liquor. 

To insure the stability of the final product it is well to add a little 
less ammonia than is theoretically required, since the presence of sortie 
monoammonium phosphate tends to prevent decomposition of tpe 
diammonium phosphate. 

Diammonium phosphate is also a dry nonhygroscopic, white crysiai- 
line salt containing when pure 25.8 per cent of NH 3 and 53.8 per cent 
of P 2 OG, and no water of crystallization. The salt must be carefully 
dried at relatively low temperatures to prevent decomposition. 

Ross describes briefly an ingenious ])rocess of producing a mix- 
ture of monoammonium phosphate and monopotassinm phosphate, 
which is being conducted on a semi-commcrcial scale by the Bureau of 
Soils at its Arlington Laboratories. This process consists in digesting 
potassium chloride with an excess of strong phosphoric acid in a brick 
lined chamber at 200° C. The potassium chloride is thus converted 
into potassium phosphate (KH 2 PO 4 ) with the evolution of hydrochloric 
acid, which is collected as a by-product. The liquid remaining at the 
end of the reaction consists of a solution of potassium phosphate in 
phosphoric acid. The excess of acid is then taken up with ammonia 
and a mass of mixed crystals of ammonium and potassium phosphates 
obtained. 

The use of more concentrated fertilizer mixtures has grown in 
favor during the past few years and certain standard high analysis 
fertilizers are recommended by agronomists and fertilizer manufac- 
turers of twenty-four states.^* A number of the mixed fertilizers now 
on the market contain twice as much plant food as some of the old 
standard mixtures and cannot be made up except by the use of rela- 
tively high grade materials. The manufacturer therefore is looking 
with increasing favor on fertilizer compounds such as ammonium and 
potassium phosphates and ammonium and potassium nitrates, the use of 
which renders it practicable to make up fertilizers of practically any 
desired concentration. 

“The Use and Preparation of Concentrated Fertilizers, paper presented at 48th 
Gen’l Meeting of Amer. Electro Chem. Soc., Sept. 24 (1925). 

“The Standard Analysis, Amer. Fertilizer, Vul. 58, No. 4, p. 27 (1923) ; High 
Analysis, Amer. Fertilizer, Vol. 59, p. 28 (1923). 
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Merz and Ross have applied what is known as the triangular 
system to the computation of fertilizer mixtures made up from such 
compounds as potassium nitrate, potassium phosphate and mono- 
ammonium phosphate, with and without the addition of lower grade 
materials. This convenient method of determining the possibilities and 
limitations of various inorganic and organic substances in making up 
mixed goods should be very useful to those manufacturing high analysis 
fertilizers and therefore a description of this system and how it is 
applied, both to ordinary fertilizer materials as well as to concentrated 
fertilizer compounds, is given below: 

“Variations in the composition of mixed fertilizers may be repre- 
sented by use of a system of three coordinates corresjwnding to the 
three variables, ammonia, phosphoric acid and potash. Such a system 
of coordinates is the triangular system, and the range of fertilizer 
ratios, which can be made from fertilizer materials can be readily 
determined with the aid of triangular section paper as represented in 
Figure 36.” 

The corners A, B, and C of the triangle represent 100 per cent of 
NHa, P2O5, and K2O, respectively. The distance from each corner of 
the triangle to the opposite side is divided into 100 equal jxirts. The 
sum of the distances along the respective perpendiculars, from any 
IX)int within the triangle to the opposite sides, will always amount to 
100 of these divisions. Each point within the triangle will therefore 
represent a definite mixture of all three constituents in such proportion 
as to total 100 per cent. Thus the point E, being 25, 50, and 25 
divisions from the sides BC, CA, and AB, resixictively, represents a 
mixture in which 25 per cent of the total fertilizing material is NH3, 50 
per cent is P20r„ and 25 per cent is KgO. This point, therefore, rep- 
resents a 25-50-25 fertilizer ratio, or any submultiple of this ratio, 
such as 4-8-4. Each side of the triangle represents varying mixtures of 
the two constituents represented by the adjacent corners, but none of 
that of the opposite corner. Thus the side AB represents mixtures 
containing varying amounts of NII3 and P2O5 but no K2O; and the 
side CA varying amounts of K2O and NH3 but no P2O5. Any par- 
ticular point on a side represents a definite mixture of the two con- 
stituents represented. The point D on the side AB, for example, being 
40 divisions from BC and 60 divisions from AC, corresponds to a 
fertilizer mixture, which contains 40 per cent of the total fertilizing 
elements as NH3, 60 per cent as P2OB, and 0 per cent KgO. * * * 

A material such as sodium nitrate, in which the NII3 amounts to 
100 per cent of the fertilizing elements present, will be represented on 

•The Computation of Fertilizer Mixtures from Concentrated Materials, Bull. 
1280, U. S. Dept. Agric. (1924). 
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the triangle by the point A. Similarly, acid phosphate will correspond 
to the point K, and a i)otash salt to the point C. As the lines joining 
these three points coincide with the boundary lines of the triangle, it 
follows that submultiples of any fertilizer ratio, whatever may be made 
by combinations of these three materials. The maximum fertilizer 



Fig. 36. — Trianf«ular Diaj^ram Illusiratin^f (irapliical Kci)rcstnl,ili(ni of 

Fertilizer Ratios. 


analysis formula jiossible for any gi\en ratio is obtained by mulli])lying 
2000 

by the factor ,, v T r ~y • "1 ihe sodium nitrate contains 18 

A I ^ I ^ 

per cent NHj, the acid phnsj^iate 16 per cent P^Or, and the potash salt 
20 per cent KmC); then, for a 4-8-4 mixture, X 444, Y r- 1000, 
Z = 400, and X + Y + Z — 1844. Hie maximum jiossible analysis 
formula, corresiionding to the mixture 4-8-4, that can be made from 

these materials is, therefore ^ (4'8-4) J or 4.34-8.68-4.34. 
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A material, for example a tankage containing, say, 8.5 per cent 
NH3 and 5 per cent P2OC, would have 63 per cent of its fertilizing 
elements in the form of NH3 and 37 per cent as P2O5, and would be 
represented in the triangle on the side A B by the point F. Sub- 
multiples of all ratios which fall within the triangle F C B can therefore 
be made from this material in combination with acid phosphate, and a 
potash salt, while those which fall outside this triangle, such as the 
analysis formula 5-2-3 corresponding to the ratio 50-20-30 represented 
by the point G, cannot be made, (i, however, falls within the triangle 
F C A, and, therefore, subiiiultiples of the ratio 50-20-30 can be ob- 
tained by combinations of tankage and potash salt with a nitrogenous 
material. 

If one half of the ammonia in a 4-S-4 fertilizer mixture is to be 
obtained from nitrate of soda, one fourth from cottonseed meal, and 
one fourth from tankage, then 2 of a total of 4 parts of NTI3 will be 
present in the mixture as nitrate, 1 as cottonseed meal, and 1 as tankage. 
But the quantities of the two last materials, \yhich contain 1 ^xirt each 
of Nllj, also contain 0.96 part of P2O5 and 0.23 part of KoO. The 
mixture of these three materials therefore contains 77 per cent of the 
fertilizer constituents as NH3, 19 ])er cent cis PoOb, and 4 per cent as 
KmO and may be represented in Figure 36 by the point II. Submultiples 
of all ratios, which fall within the triangle 11 B C' can be made by com- 
binations of these three materials with acid phosphate and a potash salt. 
The maximum fertilizer analysis formula that can be made of any of 
these ratios is obtained in the usual way, by multiplying by the fraction 
2000 

X + X' -f X" -f Y + Z • 

The concentrated materials, monoammonium phosphate, monopotas- 
sium phosphate, and potassium nitrate, contain combinations of all three 
fertilizer constituents in groups of two, and all have chemical and 
physical properties, which make them admirably suited for use in 
fertilizers. Potassium nitrate has long been used to a limited extent in 
fertilizers, and is obtained from Chilean nitrate and other sources. It 
may also be prepared by treating potassium chloride with nitric acid, 
such as that produced in the fixation of nitrogen. Monoammonium 
phosphate is now being used to some extent in high-grade fertilizers, 
and may be prepared by neutralizing ammonia, such as obtained in the 
fixation of nitrogen, with phosphoric acid. The use of monopotassium 
phosjAate in fertilizers has been limited to experimental tests only. It 
may be prepared from potassium chloride and phosphoric acid. The 
percentage composition of these salts is given in Table XXXII. 
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TABLE XXXII 


Salt ^ 


Composition 

on Basis of — 


Total Material 

Fertilizing Elements 
Present 

NH» 

PaO. 

K,0 

NH,, 

P 3 O. 

K 3 O 

Monoammonium phosphate, 

Per 

Per 

Per 

Per 

Per 

Per 

NH 4 H 2 PO 4 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

Monopotassium phosphate, 

14.80 

61.72 


19.34 

80.66 

■pm 

KH»P04 

.... 

52.18 

34.50 

.... 

60.14 


Potassium nitrate, KNO 3 

16.85 

.... 

46.58 

26.57 

— 

mm 


Applying the trianguL'ir system to fertilizer mixtures from concen- 
trated materials, it is seen from the percentage values given in Tame 
XXXII that monoammonium phosphate corresponds to the point D m 
the triangle of Figure 36; monopotassium phosphate to the point E and 
potassium nitrate to the i)oint F. These three materials may therefore 
be used to make &ul)mu]tiples of all fertilizer ratios falling within the 
triangle DEF. In the same way, triangles may be drawn correspond- 
ing to combinations of any two of these compounds with a nitrogen, 
phosphoric acid, or potash salt. Thus the triangle ADE incloses all 
possible ratios that can be made with mixtures of monoammonium 
phosphate, monoiX)tassium phosphate, and a nitrogen compound; the 
triangle CDE all ratios that can be prepared from the same two com- 
pounds and a potash salt, and the triangle IIDE all the ratios that can 
be made from these two compounds and a phosphatic material, such as 
acid phosphate. 

When each of three materials selected for a mixture contains two 
fertilizing elements, then the amount of each required to give a ton 
of a fertilizer of any analysis formula, which they are capable of 
making, as shown by the triangle method, may be calculated as follows : 

If A, H, and C are the percentages respectively of the NH 3 , F 2 OB, 
and K 2 O desired in the mixed fertilizer, and — 

X == Weight of material containing a per cent NIT;„ and b per cent PsOb. 
Y = Weight of material containing b' per cent P 2 O 6 , and c ix^r cent 
K2O. 

Z = Weight of material containing c' per cent K 2 O, and a' per cent 



2000b'c'A + a'cB — a'b'C 

(1) 

i nen A — 

ab'c' + 

Y = 

2000B — bX , ■ 

jj/ . and 

(2) 

*7 

2000c — cY 

(3) 


c' 
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I'or the particular case where the three materials used are mono- 
ammonium jdiosphate, munopotassium phosphate, and potassium nitrate 
respectively, 

,, -11. 2430.54A + 582.S411 — 870.23C 

X, monoammonium phosphate = 2000 71945 

, . , , . 2000B — 61.72X 

Y, monopotassium phosphate = 

, 2000C — 34.r)Y 

/, potassium nitrate = ■ 

46.58 



Fig 37 — Triangular Diagram Showing Fertilizer Ratios Obtainable from 
Concentrated Fertilizer Salts. 

The number of fertilizer ratios it is possible to make from these 
materials is limited, as already explained, and the same is true of any 
three materials which contain two constituents each. However, by suc- 
cessively combining these materials in pairs with ammonia, phosphoric 



TABLE XXXIII 

Expressions for Calculating the Quantities of Material Required for a Ton of an A-B-C Fertilizer When 
Materials That Contain Two Fertilizing Elements Are Combined in Pairs With an NHa. PjOb, or K*0 Salt 
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acid, and potash salts, nine possible combinations are obtained and can 
be used, by varyinjj^ the materials in any combination, to make any 
fertilizer ratio whatever. In Table XXXITI are given expressions for 
calculating for each of these nine combinations, the quantities of the 
materials required for any fertilizer formula falling within the triangle, 
representing the combination in Figure 37. 

For further details concerning the computation of fertilizer mix- 
tures, conforming to the 52 analyses adopted by conferences of agron- 
omists and fertilizer manufacturers as standard for 24 states, the 
reader is referred to the original article of Merz and Ross.**® 

^Ia^c. cit. 



Chapter 6. 


The Manufacture of Phosphoric Acid by the 
Sulfuric Acid Process. 

The production of phosphoric acid on a large scale by the sulfuric 
acid process was originally undertaken with a view to utilizing lowcSf 
grades of phosphate rock which yielded only relatively dilute aci4 
phosphate. 

The plan suggested was to treat such phosphates with sufficient 
sulfuric acid to convert completely their l^Og content into orthophos- 
phoric acid, filter oif the insoluble residue, evaporate the phosphoric 
acid and use this strong acid solution to treat a second batch of phos- 
phate rock, producing thereby the concentrated fertilizer material 
commonly known as double superphosphate, the manufacture of which 
has been previously described. 

When the higher grade phosphate deposits of the United States 
were discovered the preparation of phosphoric acid as an intermediate 
product in the manufacture of phosphatic fertilizers was no longer 
essential. 

Fritsch^ in 1916 stated that “the production of phosphoric acid has 
lost much of its former importance.” But he was evidently referring 
to its use in the production of fertilizers in European countries, for 
at no time has it appreciably declined in the United States. Moreover, 
the conditions today in this country are such that the manufacture of 
this acid for fertilizer, food and technical purposes is an immense 
industry and one which is growing more important each year. 

Large quantities of phosphoric acid are being used in the manu- 
facture of double or triple superphosphate, in the_ production of mono- 
calcium and sodium phosphates for baking powder purposes, and for 
the i^roduction of phosphate water softeners. Smaller but appreciable 
quantities are employed in the production of yeast cultures, in soft 
drinks, in sugar refining and in rust proofing and fire proofing com- 
pounds. In addition to its use for the prime purpose of making phos- 
phates, there appears to be an attractive possibility of employing this 
acid as a reagent in certain industrial processes instead of sulfuric acid 

'Manufacture of Chemical Manures, p. 151 (1916). 
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and thus obtain a product or by-product of commercial value. This use, 
however, would apply chielly to the phosphoric acid produced by the 
volatilization or pyrolytic ijruccss wherein no sulfuric acid is involved 
in its preparation. 

The old process of producing^ phosphoric acid by means of sulfuric 
acid consists in first treating the phosphate rock or bone with sulfuric 
acid of 30° ]5e. and then passing the solution through a scries of filter 
beds or presses to remove the undissolved and precipitated material. 

If the solution of phosphoric acid (28° to 30° Be.) thus obtained 
is to be used for the manufacture of fertilizer it may be sent direct to 
the evaporators, but if it is to be employed to produce food grade acid 
or acid for the chemical trades it must be put through a purification 
process, the details of which arc discussed in a subsequent chapter. 

In order to obtain a good yield of acid by this process it is necessary 
to wash the residue on the filter beds or in the presses with considerable 
quantities of water resulting in the production of large volumes of 
weak phosphoric acid. The process, however, is a cyclic one since this 
weak liquor is reintroduced into the system as a diluent for the sulfuricT 
acid employed in ‘treating the next batch of phosphate rock or bone. 

The main disadvantages of this old process lie in the facts that the 
filter beds or presses become clogged, filtration is slow, excessive quan- 
tities of water must often be emidoyed in washing the residue and the 
filters must be continually cleaned and frequently repaired because of 
the corrosive action of the acid on almost all filtering media. 

The following description by Fritsch ^ of the manufacture of phos- 
phoric acid (from low grade rock) for fertilizer purposes is typical 
of the process as practised before the introduction of more modern 
methods. 

“The ground phosphate is fed into the vats by a chain elevator 1 
to 2 tons per charge; the sulfuric acid and necessary water (wash water 
containing FuOr.) to dilute the acid to 16° Be., is run in at the same 
time. The charging of the vats lasts twenty minutes, and during this 
lime decomposition is completely eflfected,® the phosphoric acid is 
liberated, the sulfuric acid has taken its place and combined with the 
lime to form gypsum, which has to be separated from the liquid. For 
this jmrpose the muddy liquids from the decomposition vats are col- 
lected in a collecting tank lower down, fitted with an agitator, its role is 
to maintain the solid particles in susix?nsion until the mixture is forced 
to the filter presses by a membrane punq), in which the acid liquid 
alone comes in contact with rubber or lead. The filter presses used 

•Manufacture of Chemical Manures, p. 152 (1916). 

*Thc time given by 1^'rilscli as necessary for complete decomposition of the 
rock is hardly long enough. 
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have 50 plates, and are capable of treating 14 tons of jdiosphate in 24 
hours. The filter plates are of pitch pine, the frames of the same wood 
or of oak. The gutters are of \)h\m tree wood. When the filter press 
is charged, its contents are washed with water under pressure until 
the liquid which Hows away only tests 0.25° He., a density equal to that 
of gypsum saturated water. The wash water then contains on an 
average 3 per cent of P-Of. ; it is used as already seen to reduce the 
sulfuric acid to 16° lie. Ihe phosphoric acid collected in a weak 
solution tests about 12° lie. or about 4° He. less than the sulfuric adid 
used. 1 

It was first attempted to concentrate the acid by lead coils, but the 
pijx's became rai)idly incnistcd with lead salts and lost their conduc- 
tivity. This process was therefore abandoned * and attempts made t<) 
concentrate the acid by bottom heat. (Ireat llame ovens were coni 
structed heated by combustion gases. These gases are led underneath 
the liquid contained in a i>an surmounted by an arch, the pan is of 
wrought-iron lined with stones which resist acid, and thus was i)rotected 
from direct contact with the flame and the phosphoric acid. ( )n the 
other hand, the exterior of the pan is naked. The dilute solution of 
phosphoric acid runs in continuously in the back ])art of tbe pan until 
after two or three days an average concentration of 50° Be. is obtained.'* 

Although the procedure as described by bVitsch is in a general way 
correct, American practise differs considerably in detail. 1^'or instance, 
instead of filter presses, filter beds having perforated acid resisting 
metal bottoms covered with burlap are usually employed. 

Since the gypsum which is formed as one of the ju'oducts of the 
reaction constitutes an excellent filtering medium if j)recipitated from 
solutions of the j^roper concentration and temixTature the filter bed has 
certain advantages over the filter press. 

Another very important diflference between more modern practise 
and that described by Fritsch is that today the sulfuric acid employed 
in decomiHJsing the phosphate rock or bone has a concentration of 28° 
to 30° Be. and hence the phosphoric acid obtained is corresix)ndingly 
stronger. 

Finally the acid liquor is seldom concentrated by direct heat as 
described by Fritsch. Such a method entails considerable risk of 
decomposing the ortho acid. 

This general plan of j)roducing phosphoric acid, however, is still 
employed by some of the smaller manufacturers of jdiosphoric acid 

‘While the method of concentrating phosphoric acid with steam heated lead 
coils may have been discontinued in Kurupe it is still successfully practised in 
this country. 
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and double superphosphate, but the large operator has adopted the 
more modern system of continuous counter current decantation. 

The Continuous Counter Current Decantation System. 

The application of tlie continuous counter current principle to the 
treatment of idiosphatc rock has simjdified considerably the sulfuyic 
acid process of i)roducing ])hosphoric acid, and though the initial cost 
of such an installation is relatively heavy, the advantages gained in 
reduced labor costs, high recoveries of a fairly concentrated product 
and the decrease in the quantity of fuel and power required have made 
this method both i)ractical and economical. 

The counter current system of removing soluble salts from insoluble 
material is based on sound economic princii)les and has been employed 
in a great many industrial i)rocesses, but i)robal)ly the most highly de- 
velojx^d and widely used system of continuous counter current decanta- 
tion is that known as the I)orr process. 

This process as ap^died to the i)roduction of phosphoric acid from 
I)hosphate rock is carried out .as follows : 

The pliosphate rock is first ground so that 90 per cent will t^ass an 
80 mesh screen. This rock, together with the proper proportion of 
sulfuric acid is run into a series of three or four lead lined mixing 
vats (fitted with .stirring devices) wherein the matericals receive a pre- 
liminary mixing and the chemical reactions begin. Ordinary chamber 
acid is employed, but this is diluted to 27"^ to 30° Be. with 16° Be. 
jihosphoric acid obtained from the second of a series of Dorr thickeners 
described below. The heat generated by the dilution of the sulfuric 
acid together with that evolved by the reactions between the acid and 
the rock raises the temjxirature of the .solutions almost to the boiling 
point. 

After the preliminary mixing the contents of these vats are dis- 
charged into the first of a series of three agitator tanks. 

The Dorr agitator tank for phosiihoric acid jiroduction consists of 
a flat bottom tank with an acid proof lining. The stirring and agitating 
device consists of a central vertical cylinder carried by a shaft supported 
from the top of the tank and equip])ed with two hinged arms carrying 
plows. These plows travel around the bottom of the tank, moving the 
solid materi.als towards the center where they are raised through the 
hollow .shaft or cylinder by metans of compressed air and distributed 
uniformly over the surface of the tank’s contents by means of suitable 
revolving launders. This machine can be oj)erated continuously since 
the arms sweep the bottom of the tank and the compressed air device 
constantly stirs up and rai.ses the solids to the surface, preventing 
accumulations of unacted-on materials. 
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In the agitator tanks tlie decomposition of the phosphate is com- 
pleted — the material from the first lank discharging continuously into 
the second tank, and the second tank into the tliird. "J"he time required 
for this deconiiK)sition ranges from four to six hours, depending on 
the type of rock employed and the rapidity of the reaction. 

From the third or last agitator tank the acid solution and sus- 
pended solids are pumped to the center of the first of a series of Dorr 
thickeners. This apparatus consists of a comparatively shallow fl^t 
bottom tank (lined with acid resisting material) provided with a slojv 
moving mechanism made up of a central vertical shaft driven by la 
worm gear and worm and having four arms attached to its lower enoL 
The machine is so arranged that the shaft and arms can be raised and 
lowered at will. These arms carry plows set at an angle to move the\ 
settled or “thickened” material slowly to a discharge opening in the\ 
center of the j)an‘s bottom where it is ])uni]K"d to the second thickener. 
Both the acid liquor and thickened material discharge into a trough 
which leads to a distributing box or launder at the center of the pan. 
A peripheral launder collects the relatively clear i)hos])horic acid (27“ 
to 30° Be.) which overllows the top of the tank, and this launder in 
turn discharges into a conduit through which the acid is pumped to the 
evaporators to be concentrated. Where the acid is to be used for the 
preparation of pure chemicals or for food ])uriK)ses it must be liltered 
and i)Ut through a purification process such as is described in a subse- 
quent chapter. 

The saturated residue or pulp discharged from the base of the 
first thickener is pumped to the second, and the overflow from this 
second thickener which has a concentration of from 15° to 16° Be. is 
pumped to the premixers where it is used for diluting the sulfuric acid 
employed in decomposing the phosphate rock as i)reviously described. 

The insoluble residue with its absorbed solution of dilute phosphoric 
acid is discharged from the second thickener into a third and from 
this into a fourth, fifth and sixth thickener before it is finally discarded 
washed practically free of soluble BoOs. The clear liquid which over- 
flows the sides of each thickener into a ])eripheral launder is conducted 
through a trough and discharges into a distributing box in the center 
of the thickener immediately ahead of it, and thus serves to extract the 
soluble matter out of the sludge received from the preceding thickener 
which is discharged into the same di.stributing box. In this way the 
residues flowing in one direction arc constantly being depicted of 
soluble materials (chiefly 1 * 205 ) while the series of solutions flowing in 
the opjxjsite direction (counter current) are continually growing more 
concentrated. 

A flow sheet showing this continuous counter current system as 
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applied to phosphoric acid and the strciifjth of the acid in each suc- 
ceeding thickener is illustrated in Figure 38. 

It is evident that in operating the continuous counter current system 
great care must be taken that the incoming and outgoing materials are 
properly balanced and that the thickeners are not overl)urdened with 
an excess of solid material. This latter contingency, however, is 
usually taken care of by means of a device which rings an alarm when 



the power consumpti(»n becomes excessive, "i'he arms or rakes of the 
thickener are then raised to reduce the strain thereon and the excess 
of solid material is worked out of the .system. 

It is claimed that an extraction of over 99 per cent of the P 2 OB 
content of ordinary phosphate rock can be obtained by this process, but 
in actual practice a yield of 9S jjer cent is considered very good. 

Concentration of Phosphoric Acid. 

The concentration of phosjdioric acid either l)efore or after purifi- 
cation is conducted in lead lined vessels or troughs containing or sur- 
rounded by lead steam coils. It is hardly practicable to produce acid 
of a higher concentration than 50® by this method unless its evapo- 
ration is effected under reduced pressure, but since acid of 50° Be. 
can be used in the production of most phosphate products, it is only 
iinj^ortant to produce the stronger acid for shipping purposes and for 
certain special purposes requiring a concentrated product. 

The ease with which orthophosphoric is converted into pyrophos- 
phoric acid when heated above 150° C. makes it necessary to conduct 
its concentration with great care. Orthophosphoric acid and its com- 
pounds have different physical and chemical properties from pyro- 
phosphoric acid and the pyrophosphates, so the ])resence of the latter 
detracts from the purity and commercial value of the former. 

One of the great advantages which the pyrolytic process of pro- 
ducing phosphoric acid has over the sulfuric acid or wet method is the 
fact that phosphoric acid of practically any concentration may be 
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obtained directly and hence the time, equipment and expense incident 
to evaporating relatively weak solutions are avoided. 

The Purification of Phosphoric Acid. 

No matter how ]nirc may be the raw materials employed in its 
manufacture, the bulk of the phosj)horic acid which is to be used for 
food and chemical purposes must be purified.® 

The procedure and number of stei)s required in the purification (^f 
phosphoric acid dejiend on the method employed in manufacturing the 
acid .and the type of the raw material. \ 

In the volatilization jiroccss for instance, the bulk of the iionV 
volatile impurities present in the phosphate rock are left in the residiiq 
or slag and with due precautions only very small quantities of silica,^ 
lime and iron and aluminum jihosphates are carried over and arc con- 
densed or dissolved in the acid collected. \"olatile impurities, however, 
.such as sulfur and its comjKiunds, arsenic and fluorine compounds may 
be present in such acid and since lead is often employed in some part 
of the collecting or storage equipment the acid must as a rule be treated 
to remove this impurity. 

Where phosphoric acid is produced from phosphate rock by the 
sulfuric acid process, its jmrification and concentration entail con- 
siderable time and manipulation. Such acid always contains a number 
of impurities which are objectionable for one or more of the following 
reasons : 

( 1 ) They reduce the acidity of the product. 

(2) They render the products manufactured therefrom more diffi- 
cult to handle. 

(3) They yield j)roducts of poor color and of inferior grade. 

(4) They cause certain products (baking powders) to have poor 
keej)ing qualities. 

(5) They may render food products unwholesome or actually dele- 
terious to health. 

Silica and Calcium Sulfate. 

These are .solid imj)uritie.s obtained almost coincident with the treat- 
ment of phosi)hate rock with sulfuric acid — silica being present in the 
rock and calcium sulfate being formed in the reaction. 

They may either be removed in part by counter current decantation 
as in the Dorr .system, or t«iken out in a filter press. In either event 

® TIhtc is, however, a relatively .small tonnaRc of syrupy pho.sphoric acid pro- 
duced directly by biiriiiiiR elemental liliosphoru.s and this may be sufficiently pure 
to require no further treatment. 
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washing with water or dilute acid is necessary in order to reduce to a 
niinimum the loss of phosphoric acid absorbed or entrained in the 
residue. 

It is almost impossible to remove all of the phosphoric acid from 
the calcium sulfate precipitate and Meckstroth ® states that there is 
usually from 1 to 2 per cent of soluble and from 1 to 23/2 per cent of 
insoluble I’oOfi left in this residue. This estimated loss, however, ap- 
pears rather low to the writers, since in average practice the quantity 
of PoOc undissolvcd from the rock and entrained in the calcium sulfate 
precipitate is more nearly 10 per cent of that originally present in the 
mineral. 

Owing to the solubility of calcium sulfate in relatively dilute phos- 
phoric acid, an a])preci«'ible quantity (from 1 to 3 per cent) of this com- 
pound is held in solution. This, however, is removed by subsequent 
treatment. 

Very little of either of these impurities (silica and calcium sulfate) 
are contained in the phosphoric acid produced by the volatilization 
process i)rovided proper precautions are taken in treating the gases of 
combustion before precipitating or exmdensing the acid contained 
therein. 

Arsenic. 

It is needless to say that it is of the utmo.st importance to remove 
all but the smallest traces of this ])oisonous element from phosphoric 
acid which is to be used for food and chemical pur])oses.^ 

Since much of the sulfuric acid (produced from ^writes by the 
chamber method) and sometimes phos])hate rock, contain appreciable 
quantities of arsenic, the ])hosphoric acid ])roduce(l by the sulfuric acid 
process must be treated to remove this very objectionable im])urity. 
Fortunately arsenic is readily ])recipitated either by passing a stream of 
hydrogen sulfide gas directly into the acid or adding a soluble sulfide 
which is acted on by the acid to form hydrogen sulfide. 

After the arsenic is precipitated, the excess of hydrogen sulfide 
must be removed from the acid since the jiresence of this gas even in 
small quantities interferes with subseciuent filtration — colloidal sulfur 
or compounds being formed which clog the filtering media. Mecks- 
troth” states that by heating the acid and sulfide to not less than 40° 

•Manufacture of Pho.splioric Acid and Phosphates, Chem. & Met. Eng., Vol. 
26. No. 2. p. 77 (1922). 

' The upper limit for arsenic in baking powder set by the National Pure Food 
and Drug Act is 2 parts per million. 

• Manufacture of Phosphoric Acid and Phosphate, Chem. & Met. Eng., Vol. 
26. No. 2, p. 77 (1922). 
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to 60® C. no trouble should be experienced in getting rid of the arsenic. 
But the elimination of the hydrogen sulfide is practically assured in the 
next treatment. 

Iron, Aluminum and Fluorine. 

These impurities are the most costly to remove from phosphoric 
acid since when precipitated they carry with them very appreciable 
quantities of phosphoric acid which is so combined that it cannot be 
recovered by leaching the precipitate with water or dilute acid. 

The removal of these three impurities is brought about by tho 
addition of finely ground limestone to the acid. During the violent 
reaction which ensues the solution heats up and the large volume of 
COo evolved carries off any residual HoS which may still be in the acid. 

This treatment with limestone produces a solution of monucalcium 
phosphate, a certain amount of dicalciiim j>hosj)hal(* and precipitates 
iron and aluminum phosphates, calcium fluoride and fluosilicates. 

The free acidity of. the resulting solution is reduced by this treat- 
ment to about 4.5 per cent. 

This mixture of insoluble compounds is then removed from the 
acid solution of monocalcium phosphate either by passing through a 
wooden frame filter press, or a rotary filter of the Oliver type, or it 
may be separated by counter current decantation. The residue has a 
high absorptive capacity for soluble salts and hence it is necessary to 
wash it thoroughly in order to reduce to a minimum the losses of soluble 
DaOfi. The soluble phosphate in the wash water is often preeijMtated 
as dicalcium jdiosjdiate by the addition of lime and this dicalcium jdios- 
phate in turn is filtered off, added to the monocalcium phosphate solu- 
tion and reconverted into phosphoric acid as described below. 

The monocalcium ]:)hos})hate solution after the removal of the iron, 
aluminum and the bulk of the fluorine, is then mixed with pure sulfuric 
acid and insoliible calcium sulfate thus })rccipitaicd and filtered off. 
The phosphoric acid thus obtained is nearly free from all objectionable 
impurities but since it seldom has a strength of over 30° Be. (40 per cept 
Il 3 pC) 4 ) it must be concentrated to 50° Be. before it is suitable for tlie 
market. This concentration is accomplished either by passing the weak 
acid over steam heated lead coils, through acid-j)roof brick concentra- 
tors, or by means of hot air passed counter current to the acid, intro- 
duced into a chamber in the form of fine spray. During the concentra- 
tion process, any residual fluorine compounds still present in the acid 
arc driven off as hydrolhwric acid and crystals of calcium sulfate 
j ettle out. The acid is apt to assume a dark color due to the carboniza- 
tion of the organic matter contained therein, so it is often necessary 
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to add some oxidizing agent such as a chlorate or permanganate to 
oxidize this organic matter and obtain a clear water white acid. 

In order to throw out any calcium sulfate still in solution and to 
facilitate the removal of the last traces of lead, a small quantity of 
either dicalcium i)lK)sphatc or calcium carbonate is added to the con- 
centrated acid just before the final filtration. The acid is then ready 
for the market or for use in the manufacture of pure monocalcium or 
monosodium phosphate. 

Vanadium. 

Some of the phosphate rock occurring in the Western States, Utah, 
Idaho, Wyoming and Montana, contain appreciable quantities of 
vanadium. Thos]>horic acid manufactured from such rock by the sul- 
furic acid ])rocess has a green color which renders it unfit for the 
manufacture of food products unless this vanadium is removed. Laist " 
has patented a process for the removal and recovery of this impurity 
which consists in treating the acid with a sufficient quantity of sodium 
ferrocyanide to precipitate all of the vanadium and most of the iron. 
The precipitate is filtered off, digested with caustic soda and the sodium 
ferrocyanide thus regenerated and used over again. 

Where the volatilization i)rocess is employed in producing phos- 
phoric acid the subsequent removal of iron and aluminum and vanadium 
• should not be necessary so that the most costly and tedious steps in the 
purification process are eliminated. 

The lead and arsenic, however, are removed from such acid in the 
manner just described, but the fluorine is taken out by the addition of 
cither sodium silicate or sodium phosphate, both of which precii)itate 
insoluble sodium fluoride or sodium fluosilicate. Since such acid is 
usually collected in concentrated form no subsequent evaporation is 
necessary so that the only other step required in preparing it for the 
market is that of filtration. This is usually done on filter beds made 
up of sand and gravel with perhaps a little charcoal added to remove 
any coloring matter. 

In the preparation of phosphoric acid from high grade bone it is also 
unnecessary to treat the solution for the removal of iron and aluminum. 
Otherwise, however, the purification and concentration of the acid 
must be conducted in a manner similar to that employed in the prepara- 
tion of phosphoric acid from phosphate rock. 

Owing to the high cost and limited su]>idies of bone and bone 
products a relatively small percentage of the phosphoric acid produced 
today is derived from this source. 

•U. S. Patent 1, 544.011 (1025). 

‘"Carothers and Gerber, U. S. Patent No. 1,487,205 (1924). 
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Crystallized Phosphoric Acid. 

Theoretically the ideal way to obtain phosphoric acid absolutely free 
from all impurities is to crystallize this compound, but while this has 
been done in a relatively small way the method has not as yet been 
applied on a commercial scale. 

In U. S. Patent No. 1,451,786 (1023), Ross, Durgin and Jones 
describe a ])rocess for purifying i>hosph()ric acid which may be briefly 
outlined as follows : . 

Phosphoric acid (produced by the volatilization process) is brought 
to a specific gravity of 1.85 either by dilution with water or by evai)oy 
ration; care being taken that the acid solution is not heated above 
150° C. The acid is then cooled to 20° C. and inoculated with a erysta^^ 
of HaPOj, whereu])©!! the whole mass solidifies. The crystalline niass\ 
is then centrifuged and the crystals thus sei>arated from the mother 
liquor and dried. The dried crystals are nearly free from iniinirities, 
but if it is desired to purify them still further, a little water may be 
added and the process reix^ated. 

The mother liquor may be used over again in the cycle or employed 
directly for the manufacture of products where highly purified acid is 
not so essential. 

A modification of this method of purification described by Carothers 
and (ierljcr^^ is said to be particularly applicable to acid produced by 
the volatilization process. The jmjcess consists in first treating acid 
having a concentration of over 82 per cent of lI.iP( )t with sodium sulfide 
and silicate of soda to remove the arsenic and fluorine compounds. 
The suspended matter is then allowed to settle and the acid filtered, 
aerated at 50° C. to remove volatile matter, cooled to 10° C. and in- 
oculated with a crystal of j)hosphoric acid. The mass of crystals formed 
under these conditions is then separated from the mother liquor by 
centrifuging. 

In a recent article by Ross, Jones and Durgin these investigators 
show that phosphoric acid ])roduced by the volatilization process when 
crystallized has a purity superior to that which has been init through 
elaborate chemical treatments. They have also worked out a chart 
showing the sohihility of both anhydrous and hydrated crystalline phos- 
phoric acid which should he of cfnisKlerahJe value as a means nl deter- 
mining the yield of the two ty^x^s of crysUils under the varying con- 
ditions of concentration and temperatures. 'Phis chart (Figure 3‘)) 
and their descrii)tion of its use are given Ixjlow. 

“The solubility curve AP» of anhydrous phosjdioric acid and that 

‘HI. S. Patent No. 1,538.089 (1925). 

Acid by Cryslallization, Ind. & Eng. Chem., 17, 
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portion CDK of the curve of the hydrated acid above 15° C. are rep- 
rebented in the fij^ure. Tiy use of these curves the amount of acid that 
will be deposited on crystallizing from a solution of known concentra- 
tion and temperature may be readily estimated, 'riius at 24° for 
example, no crystallization will occur below a concentration of S0.3 per 
cent. Abo\c this concentration a hydrated cr3^stal will induce partial 



crystallization in the solution, the projM)rtion increasing up to 91.6 per 
cent when the whole mass becomes solid. Witli still greater concentra- 
tions partial crystallization again occurs until at a concentration of 94.6 
per cent no crystallization follows inoculation witli cither hydrated or 
anhydrous crystals, 'fliis holds true up to 94.S per cent acid. Abo\e 
this concentration i)artial crystallization wall follow inoculation with 
an anhydrous crystal the amount deposited increasing up to 100 per 
cent when it crystallizes to a solid mass. The cur\es also show that 
at 24° C. no crystallization wdll take place when a 94.8 per cent solution 
is inoculated with either a hydrated or anhydrous crystal or both, but 
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that the whole mass becomes solid when the temi)erature of the solution 
is lowered one degree or more.” 

Unfortunately for this method of purifying jjhosphoric acid, the 
temperature to which the acid is subjected before crystallization has a 
marked cfTect on the rate at which crystallization takes place, and ac- 
cording to the authors just cited, acid which has been maintained at a 
temperature of 130° C. or above for a protracted i)eriod will not crystal- 
lize. Any acid produced by the sulfuric acid process which is to b^ 
purified by this method therefore must be concentrated at a temperature 
not exceeding 100° C\, which practically precludes the use of anything 
but steam evaporators operating under reduced pressure. 



Chapter 7. 

The Volatilization Process for Producing 
Phosphoric Acid. 

Introduction. 

In recent years pyrolytic methods of producing^ pliosplioric acid 
have been receiving a great deal of consideration, and rather exhausting 
investigations have been conducted in the Jhireau of Soils, U. S. Dept, 
of Agriculture, with a view to establishing their commercial possi- 
bilities. From the data obtained and the progress so far made on this 
problem both by the government agency and by outside commercial 
interests, there is little doubt that this process will be widely employed 
to su])plement the now almost universally applied method of making 
water-soluble phosi)hatcs by treating phosphate rock with sulfuric acid. 

While the volatilization process for producing i>hosphoric acid has 
only recently assumed much prominence, the general scheme employed 
is by no means a new one, it being based on the old method so long in 
use for the manufacture of elementary phosphorus. 

The fundamental principle involved is that at high temperatures 
(1600'^ to 1800° C.) silica assumes the proix?rties of a relatively 
strong acid in so far as its ability to combine with bases is concerned, 
ami therefore it can rlisplace the phosphoric acid of phosphate rock 
forming silicates of lime and free phos])horic anhydride (P-Or,). The 
latter compound being highly volatile at elevated temperatures is driven 
off as a fume and may be collected cither by ab.soq)tion in water or 
by means of the Cottrell electrical precipitator. When carbcni or coke 
is added to the mixture to be smelted elemental phosphorus is produced, 
and if reducing conditions are maintained throughout the operation the 
decom])osition of the rock and expulsion of its phosphorus content may 
be brought about at considerably lower temperatures (1,300° to 
1,500° C.). 

According to Nielsen,^ while tricalcium phosphate and silica begin 
to react at a temperature of 1,150° C. and Cfmlinue to form various 

^Ferriim, Vol. 10, pp. 97-111 (1913). 
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conipoutids uj) to 1650° C\, unless a reducing agent is present these 
chemical clianges merely consist in certain combinations of the two 
substances and no ])hosphoric acid is evolved. This same author states 
that while L'O will not reduce tricalcium i>hosi)hate this latter com- 
pound is completely reducible by carbon, the reduction beginning at 
1400° C. He claims, however, that there always remains some phos- 
])horus in the residue because the Ciii ) formed unites with the unde- 
composed calcium i)hos])hate to form more basic compounds of phqs- 
phoric acid which are not reduced by carbon. Peacock ^ takes issiie 
with Nielsen on this i)oint, stating that if the evolved gases arc removed 
as fast as they arc formed complete dispersion of jdiosphorus is 
obtained by heating mixtures of phosphate rock and carbon, and Rosk 
Mehring and Jones state that if pure tricalcium phosidiate mixed with 
one fifth of its weight of carbon be he«'ited to 1400° C. in a reducing 
atmosphere, 00 per cent of the phosjihorus contained therein is vola- 
tilized, and if the tenijierature be carried to 1550° C\, the dis])ersion 
of ])hos])horus is comjilete. Nielsen is wrong, however, in his conclu- 
sion that Pi;( )r, is not evolved uj)on heating mixtures of phosi)hate rock 
and silica in the absence of a reducing agent, for later ex|)crimentation 
has shown that where a relatively high percentage of silica is added 
])hosj)horic acid is driven off when the temperature of the mass 
apiiroaches 1800° C. 

The presence of a reducing agent is essential, however, in order to 
bring about the volatilization of phosphoric acid (or iihosphoriis) at 
the lower temjieratures. Some early investigators as well as the writer 
observed that by heating finely ground mixtures of phos])hate rock, 
silica, and coke under reducing conditions the volatilization of jdios- 
phorus begins considerably below 1,300° C., and by prolonged heating 
at this tem])erature the bulk of this element may be driven off. 

This fact has been confirmed by the exix'riments of Ross, Mehring 
and Jones who healed mixtures of phosi)hate and silica with different 
proportions of carbon in a strictly reducing atmos])here and were a])le 
to obtain as high as 96.7 per cent elimination of j)hos])horus at a tem- 
])erature of 1300° C. These investigators have calculated the decom- 
position temperatures of calcium phosjdiate mixed with silica and 
carbon singly or combined and have found that these calculated tem- 
j)eratures checked fairly closely with those f)bserved in actual ex- 
])eriments. 

The following table (Table XXXI V) is taken from the article just 
quoted : 

*Amcr. b'ertilizer, Vol. 39, p. 67 (1913). 

• Ind. & K^^^. Cheni., Vol. 16, No. 6, p. 563 (1924). 
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TABLE XXXIV 

Decomposition Tkmperaturks ok Cauthm I’iiospiiate in Keaction with 
Silica and C arbon, Singly or Combined, Under a 1’kesscre of One 
Atmosphere 


Reaction 


Calories 


Ca..(P 04 ). + 5C- 3CaO + P.-f5CO 

C'a.(P 04 ).-|- 8 C = Ca,,P. + 8 C 0 

Ca 3 (P 04 ). + 8 C = 3Ca + P. + 8 CO 

Ca,(P 04)2 + 3 Si 02 3C’aC).Si()a4- P 2 O 5 

Ca,(P() 4 )a + 2SiO. - (Ca()) 3 (Si(Ua 4 - 1 C ()5 

2Ca.(PC)4)2 + 3Si(). = 3(Ca())3.Si()2 + ZWih 

Ca.(P 04 ).+ Si().z= (Ca())a.Si(L+ PaOs 

Ca. ( PC ) 4 ) . + 3Si( )2 + 5C -- 3( aC ) . Si( )= + P* + 5C( ) 

Ca.(P04). + 2Si()a + 5C - (CaO)3(Si(M2 + P. f 5CT) . . 
2 Ca..(P() 4 ). 4- 3Si(). + IOC -= 3(t'aO)*.Si().. + 2\\-\- lOCO 
Ca 3 (P() 4 ). + SiOa-f SC— (CaO)a.Si()a4 J**+5C() .... 


418.900 

♦ ()(>4,y20 
749,920 

105.850 

♦ 109,400 

233.900 

130.850 

365.350 

♦ 3f)8,900 

752.900 

390.350 


Temper- 

ature 


1,385 

1,690 

1,680 

2,310 

2,390 

2,550 

2,860 

1,190 

1,200 

1,260 

1,280 


* Estimated. 

While varioii.s silicates of lime are no cloiiht formed in smelting 
mixtures of phosj^hate rock, .sand, and coke, dejKMiding on the silica-lime 
ratio in the charge, the general course of the reaction is usually repre- 
sented by the following simple equation: 

Ca,( P() 4 )o + 3Si(L + 5C = SCaSiO., + P, + SCO. 

1'he phosjJiorus evolved is oxidized by air or carbon dioxide to 
phosi>horus pentoxide according to the following equations: 

(1) 2Po + 5( L 2P,0.,. 

(2) \\ -f 5Ci U — lU), + 5a). 

Actual experience has proven, however, that in oxidizing phos- 
phorus either with air or carbon dioxide in the presence of moisture 
the final product is orthojihosphoric acid. This reaction is represented 
thus : 

Po(),-f 3IL() = 2U3PC>4. 


Advantages of the Volatilization Process. 

The pyrolytic process of producing phosiihoric acid for fertilizer 
or chemical purposes api)ears to offer four distinct advantages over the 
sulfuric acid process even where the actual cost of the power or fuel 
required per unit of soluble PaOr, is somewhat greater than the cost of 
the sulfuric acid necessary to effect the same result. 

(1) This proce.ss makes it ixissible to utilize low or medium grade 
phosphate deposits which are unfit for treatment with sulfuric acid, 
either because of their low content of PaOn or their relatively high con- 
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tent of such impurities as oxides of iron and aluminum. Where the 
presence of 0 to tS i)C‘r cent of these impurities will cause a rock to be 
rejected as unsuitahle for the manufacture of phosphoric acid for food 
or chemical i)urix)scs by the sulfuric acid process or even for the pro- 
duction of acid phosphate, tliis amount of alumina tends to aid rather 
than interfere with the reactions sought in the furnace process. Iron 
likewise, while very objectionable in the sulfuric acid process, causes no 
trouble in the furnace method other than its tendency to “fix” some of 
the phosphoric acid in the form of ferrophosphorus.^ The formati(4n 
of a certain amount of this compound, however, does not necessarily 
mean a loss, since it finds a ready market in the steel industry. The 
chief imjmrity in phosidiate rock is usually silica, which is often prcsetit 
in such large amounts as seriously to dilute the acid phosphate madi 
therefrom. Yet such phosphates may require further .additions of sanc^ 
in order to obtain the i)r()per silica-lime ratio for successful treatment 
by the furnace process. In brief the bulk of the impurities which enter 
the jiroduct (acid phosphate) when using the sulfuric acid i)rocess are 
left behind as a residue in the furnace method of making phosidioric 
acid. 

(2) The furnace method of treating phosphate rock makes it pos- 
sible to disix?nse with the elaborate washing and screening processes now 
so extensively employed in IHorida and Tenncssc'e to separate the phos- 
phate rock from the gangue or matrix in which it is embedded. As has 
been previously pointed out, this mechanical separation involves the 
loss of a great deal of finely divided phosphate which would be prac- 
tically all saved if the “run-of-niinc” material were treated directly by 
the furnace scheme. 

(3) The adoption of this method will largely eliminate the use of 
sulfuric acid which under present conditions is hauled to the chemical 
factory and fertilizer plant as acid and hauled away again as gypsum. 
The chief function of this sulfuric acid is that of a reagent for con- 
verting the phosphate rock into a form which is quickly available to 
crops. In the manufacture of ordinary acid phosphate it dilutes by SO 
per cent every ton of j)hosi)hatc rock thus treated, forcing the ultimate 
consumer to pay freight and handling charges on relatively valueless 
material. While it .adds sulfur in the form of gypsum, which is recog- 
nized as a soil constituent essential for plant growth, it is sold strictly 
on the basis of its content of available PnOr,. Even where sulfuric acid 
is used to produce phosphoric acid and this latter product subsequently 
employed to make double acid phosphate, the separation of the gypsum 

* Swann, Theodore, Production of Fcrropliosphorus in the Electric Furnace; 
Barr, J. A., Production of Ferrophosphorus at Rockdale, Tcnn., Trans. Amer. 
Instil iite of Min. & Met. Engrs. (1924). 
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by filtration and the subsequent evapor^ition of larj^e quantities of water 
tend to offset any advantage gained in the manufacture of a concen- 
trated product. 

( 4 ) r»y the use of electric or fuel furnaces located near the phos- 
phate mines it is possible to i>roduce (at the source of the raw material) 



Fig. 40. — Sulfuric Acid Method of Preparing: Phosphate.*;. In the present method 
of prei)arinR soluble pho.sjdiatic fertilizers, only one half of the phosphoric 
acid prc.scnt in the deposit in the form of wa.shed rock reaches the fertilizer 
factory. This rock is then treated with an equal weight of sulphuric acid 
and manufactured into acid phosphate a product containing the same amount 
of PiUs but in fully twice the bulk. 


a relatively concentrated product which will stand heavy handling 
charges and the cost of long freight hauls. This concentrated product 
may be either strong phosphoric acid in liquid or crystallized form 
which can be shipped as such in rubber or lead-lined tank cars or wooden 
or glass containers and manufactured into food grade phosphates, 



Fig. 41. — Pyrolytic Method of Preparing Phosphate and its Economics. In the 
furnace process of preparing pho.sphoric acid, the entire deposit of phosphate 
may often be utilized, and thus the losses of 50 per cent entailed in washing 
or purifying the rock eliminated. Assuming a per cent efficiency in the 
furnace plant, the final product is a liquid containing nearly twice as much 
PaOu as acid phosphate in a little more than one half the weight. 


double acid phosphate (containing from 40 to 50 per cent of soluble 
1 ^ 205 ) made by treating phosphate rock with this strong phosphoric 
acid, ammonium phosphate which is produced by passing ammonia gas 
into phosphoric acid, or a mixture of potassium and ammonium phos- 
phates ° which is formed by decomposing a potash salt such as muriate 
with an excess of phosphoric acid and then neutralizing with ammonia. 

®Ross, W. 11., Use and Preparation of Concentrated Fertilizers, paper pre- 
sented at 48th Gen’l Meeting of Amer. Electro Chem. Soc., Sept. 24 (1925). 
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In any event a product of the highest value occupying but little storage 
or car si)acc would he obtained which could be readily distributed at 
the least possible cost. 

Figures 40 and 41 show graphically the saving in raw materials (and 
in the bulk of finished product) which may be effected by treating run- 
of-minc phosphate by the pyrolytic, or furnace, jirocess instead of 
putting the material through a washing ]m)cess and sul)se(iuently treat- 
ing the washed rock with sulfuric acid. In Figures 42, 43, and 44 the 



Fir,. 42- A car loaded to capacity (()(),()(K) lbs.) with 16 per cent acid phosphate 
(the standard ])hosphate fertilizer of to-dav ) contains only 9600 lbs. of actual 
phosphoric acid (PjO^). Yet transportation and handling charj’cs must also 
he paid on 84 per cent of gypsum and other impurities contained in tliis 
product. Our annual freight bill for transporting acid phosphate is fully 
i|;i2,(KX),(KK), 


econtmiies which may be brought about by ship])ing these more con- 
centrated jiroducts are i Illustrated. 

A Review of Methods for Producing Phosphorus and Phosphoric 
Acid by Volatilization. 

While the ]>roduction of jdiosidiorus has always dejiended on the 
volatilization of this element from its compoumls under reducing con- 
ditions, in the early days of its manufacture the system employed was 
elaborate, cumbersome, and costly.” It involved, first, the treatment 
of phosi>hate of lime with sulfuric acid; second, the sejiaration by 
filtration of the phosphoric acid thus obtained ; third, the concentration 
of this acid by evajioration ; and fourth, the mixing of this acid with 
charcoal or coke and the heating of the mixture to liigh tcmjxiratures 

t \ V V \\A ^ \v V . 
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in cljiy retorts. I'racticiilly every step entailed some loss of the material 
souj^ht, so the recovery of the phosphorus was \ery incomi)lete. 



lof,. 43- \ car loaded to cai)acily (()(),()00 ll)s ) with li(|iiid phosphoric arid (75 
per cent lliPOi) niannfacltired by p>rol>tic or furnace i)rocess contains 32.7(K) 
Ihs. of actii.'d P.Os or nearl> 3^/2 limes as much as that in a car of acid 
phosphate. 


Apparently the substitution of silica for sulfuric acid, so that i)hos- 
jjhorus could he produced directly from phosphates of lime, was first 



Fifi. 44.— A car loaded to capacity (60, (XX) lbs.) with either double acid phosphate 
or monoanimoniuin tdiosphate contains fiom 2S,800 Ihs. to 37,(KK) Ihs. of 
actual PjO-i, or from 3 to 4 times a.s much as that in a car of acid phosphate. 
Py shipping our pho.sphoric acid (Pjt)i) in these concentrated forms an 
annual saving of from $8,0(X),(XK) to $9,()(X),(XX) in freight charges alone might 
be eventually affected on this fertilizer ingredient. 


proposed by Auherton and liohliquc^ in 1S67, when these inventors 
took out a i)atcnt for volatilizing and collecting elementary vkosphorus 
from pulverized mixtures of phosphate rock, sand, and ct)kc heated to 

’ Keadmaii, J. B., J. Soc. Cliem. Iiid., 9, p. 473 (1890). 
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a high temperature in closed containers. Two years later (1870) 
Aiiherton ® advocated tlie use of a blast furnace for fusing a mixture 
of phosj)hatcs, silica, and coke and driving off and collecting elemental 
phosphorus ; and in 1879 Serve ** took out a patent in which he proposed 
the use of blocks or bricks of an intimate mixture of phosphates and 
silica bound together by pitch, tar, or coal and smelted in a blast 
furnace. 

The first process for volatilizing phosj)horic acid recorded in this 
country is that of (liles and Shearer,’^ who took out a jiatent in ^888 
for separating this acid from its imjmrities by jiassing a current of 
steam over the acid heated to redness. The distillate consisted! of 
relatively pure phosphoric acid. In 1CS89 J^eadman proposed to pro- 
duce elementary phosphorus by heating in an electric furnace (frt;)m 
which air was excluded) a mixture of phosphorus-yielding material 
(in solution), sand, and coke. Two years later (1891) in an address 
before the Society of Chemical industry this inventor stated that he 
had found it was unnecessary to dissolve the phosjdiatc mineral with 
sulfuric acid before furnacing, since a mixture of sand and coke de- 
composes it completely at the temperatures attained in the electric 
furnace. This general scheme is the one almost universally employed 
in the manufacture of jdiosphorus for matches and combustible prod- 
ucts. In a general way the processes of \\'ing,’‘' Duncan,^* G. C. 
Landis,^'' and Haff are similar to that ])roi)osed by Readman, since 
(with the exception of that of Wing they all deal with the produc- 
tion of jdiosj>horus by smelting mixtures of phosphate rock, sand, and 
coke ill an electric furnace. W^ing and Landis, however, claim advan- 
tages for bricjuetted or molded charges on the basis that the temperature 
is more easily controlled, dust avoided, and a purer product recovered. 

Ruymbeke^” a])i)ears to have been the first in this country to patent 
a furnace i)rocess for the recovery of ]>hosj)horic acid rather than phos- 
phorus. ] le advocates the use of a blast furnace for treating mixtures 
of phosi>hate rock, a reducing agent, and an acid flux, introducing into 
the ui)per i)art of the furnace sufficient air to oxidize any elemental 

*Kca(lman, J. Ik, J. Soc. Clicm. Iiul., 9, p. 473 (1890). 

* Idem. 

'"U. S. Patent No. 393,428 (1888). 

”U. S. Patent No. 417,943 (1889). 

”J. Soc. CJiem. Ind., 10, j). 445 (1891). 

“V. S Patent No. 452,821 ( 1891 ). 

'"V3. S. Patent No. 733, (19(J3). 

“U. S. Patent No. 859,080 (1907). 

’HI. S. Patent No. 1,084,856 (1914). 

” This inventor proposes the use of a cupola furnace. 

”U. S. Patent No. 540,124 (1895). 
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phosphorus. In the processes of De Clialmont,’*^ Maywald,-" Levi,-^ 
and Wilson and llaff mixtures of phosphate rock and silica 
arc heated in an electric furnace, hut no reducing a^ciit is added. The 
following reaction is assumed to take place : 

+ 3SiO, n:! VJ ), + 3CaSiO,. 

It is proi)osed to absorb the volatilized VX)^ in water to form 
HaPOi, and I-evi also suggests adding a salt of soda or potash to the 
residual slag in the furnace to make a soluble silicate. 

The exi^rience of the writers, however, as well as that of a number 
of other investi):*alors, has been that in the absence of a reducing agent 
very much higher temperatures must be employed to break the bond 
between the lime and ]dios]>boric acid in the phosphate rock, and 
therefore it is poor eccaiomic practice to ])r()duce phosphoric acid with- 
out the addition of carbon or coke when such material can be obtained 
so chca])ly. 

Machalske suggests that coke and an alkali metal chloride (sodium 
chloride) be mixed with the ])hos])hale rock in the electric furnace, 
claiming that phosphorus chloride or hydrochloric and phosjdioric acids 
are volatilized and sodium carbide is i)roduced. He further claims 
that by introducing nitrogen, sodium cyanide or cyanamid is obtained. 

Haff and Wilson and Ilaff-^ pro])ose to heat feldspar and phos- 
phate rock in an electric furnace to 2,0(X)° C. without the addition of 
a reducing agent, claiming that ])hosphoric acid and potash are simul- 
taneously evolved with the i)roduction of potassium phosphate according 
to the following equation ; 

3Al,Oa.K.O.Si(), + = 3AU),.CaO.SiO. + 2K.,VO^. 

These processes are open t(.) the same objection as those of May- 
wald, Levi, and certain other processes projKxsed by Wilson and HaflE 
in which no reducing agent is employed, and consequently very high 
temperatures are required. 

Hecheiibleikner employs carbon or coke in addiiion to feldspar 
in smelting the phosjjhate charge, and the economic possibility of 
employing silica in the form of greensand, potash shales, feldspar, or 

*“LJ. S. I’atcnt No. 689.286 (1901). 

^•U. S. I’atcnt No. 902,157 (1908). 

“U. S. Patent No. 984,769 (1911). 

=“U. S. Patent No. 1,076,497 (1913). 

”U. S. Patent No. 1,076,499 (1913). 

**Loc. cit. 

”U. S. Patent.s Nos. 789.438, 789.439. 789,440 (1905). 

**U. .S. Patent No. 1,018.186 (1912). 

S. Patent No. 1,103,910 (1914). 

“U. S. Patent No. 1,299,337 (1919). 
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other ix)tas]i-ljcaring silicates in the furnace process has been investi- 
gated hy Ross, JNlehring and Jones.-’’ These investigators showed that 
l)Oth ])ntash and phosjdioriis can be dri\en off even at relatively low 
tem]>eratiires pro\ided strict reducing conditions are maintained in the 
reacting mass. 

With a view to producing comiKUiiuls containing both phosphorus 
and nitrogen. Peacock heated mixtures of i)hosi)hate rock and carbon 
in an atmosphere of nitrogen, claiming that i)ln)sphorus and carbo- 
nitrides are produced which can lx* coiuertcd into ammonia and jam- 
moniiim i^iosphate by treatment with steam. No particular type! of 
furnace is si)ecified by this inventor. As far as known, however, tlWe 
has been no commercial ai>i)lication of this j)r()cess. \ 

With a view to the simultaneous production of ferro])hosphoi^us 
and ])hosph()ric acid or other phos])horus comiiounds, J. j. (iray^'*^ 
pi()])oses to smelt a mixture of ])hospliate rock, silica coke, and iron 
ore in an oi dinary blast furnace, 'fhe ingredients in the charge are so 
proportioned that while the maximum dis])lac(‘meiit of iihosphorus from 
the plios])hate rock is sought the amount of iron added in the form of 
ore is insufficient to take up all of the phosphorus thus evolved. Two 
blast furnaces for the production of ferrophosjihoriis are in o{K*ration 
in Tennessee, but in neither case is any elemental ])hos])horus or phos- 
phoric acid recovered. 

\\ashburn and 1 lechenbleikner have each taken out a great 
number of ])atents dealing with jirocesses for the volatilization of phos- 
])horic acid and with t>i)es of furnaces in which the reactions may be 
lirought about. Space forbids detailed discussions of all these methods 
and aj)])aiatus, but several which apjK'ar to hava* jjarticularly interesting 
features are given below. 

In Patent No. 1,100,639 (1014) Washburn proposes to charge a 
mixture of plxisjdiate rock, silica, and carlxniaceous material into the 
shaft of a blast furnace, where the combustion of the fuel is effected 
and the mass brought to a state of fusion. The molten material is then 
run into the crucil)le (jf an electric furnace, where the iinal smelting 
of the charge and complete volatilization of the phosphoric acid is 
accomjdished. In J^atent N(». 1,314,220 (1010). he describes an ai)i)a- 
ratiis in which are comljiued certain features of both the blast and electric 
furnace, and suggests a briquetted mixture of j)hosj4iate rock and silica 

^liul & hng. Chem , Vo). 16, No 6, p 5(i.k June, 1924 

” r S. Patents Nos 1,129,.S14, l,t2*),722 (1915). 

‘‘U S Patent No 1,168,495 (19U)). 

'H’ S Patents Nos. 1,000, .111 (1911); 1,044,957, 1.047,«()4 (1912); 1,100,639 
(1014), 1,373,471 (1921); 1.140.233 (1015); 1.314,220 (1010); 1,359.211 (1020). 

I s P,iunis Nns 1,112,211 (1014); 1,167,755, 1,173,060, 1,202,837 (1916): 
\XS\ WWW , 
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in order to insure a free jwssage of the gaseous products through the 
charge in the shaft. Air is introduced into the shaft to burn the com- 
bustible gases and evolved jdiosphorus and thus preheat tlie green 
charge. 

]>oth Ilechenbleikner and Washburn describe furnaces®^ in which 
the charge is fed through a rotary kiln and the preheated or ])artially 
smelted mass then run into the crucible of an electric furnace, where 
coke or some other carbonaceous material is added and the remaining 
ph()S])horic acid is driven off. J>y leading the hot and burning gases 
through the kiln countercurrent to the phosphate charge, heat economies 
are effected which cut down the energy required in smelting the ma- 
terial in the electric furnace. 

Southgate describes a combined fuel and electric blast furnace 
in which the tuyeres are filled with granular coke and suiqdicd with a 
suitable electric current. A mixture of air and combustible gas or oil 
is ignited and serves to carry the current into the furnace. Thus the 
combined effects of fuel and electric energy are obtained. 

The most recent method proposed for effecting economies in the 
production of phosphoric acid i.*- the Liljenroth process which con- 
sists in collecting the phosi)horus evolved from a mixture of phosphate 
rock silica and coke in the electric furnace, and subsequently oxidizing 
this i)hosj)horus with steam in the i)resencc of a catalyst. This reaction 
is represented thus : 

1 \ + SH^O = P.Os + SH 2 

The j^hosphorus pentoxide is converted into phosphoric acid and the 
hydrogen which is obtained as a by-product is used to produce synthetic 
ammonia, which in turn is absorl)cd by the phosphoric acid and con- 
verted into diamnionium i)hosphate. 

According to a recent report the European rights to this process 
have been purchased by the ‘T>adische Anilin und Soda Fabrik,” which 
is erecting a large plant on the Elbe River, Germany, to produce am- 
monium phosphate on a commercial scale for fertilizer purposes. 

While the feasibility of this process is said to have been proven with 
a small plant at Niagara Falls, the experience of the author has been 
that the complete collection of phosphorus requires an elaborate con- 
densing system, which would add appreciably to the cost of the final 
product. Moreover, the ease with which most catalysts arc poisoned 
makes it seem doubtful if complete oxidation of the phosphorus vapors 
S. Patents Nos. 1,167.755 (P)16) ; 1,2W36, 1,299,337 (1919); 1,359,211 

(1920). 

“U. S. Patent No. 1,443,439 (1923). 

"U. S. Patent 1,605,960 (1926). 

”Chcm. and Met. Eng., Vol. 33, p. 378 (1926). 



216 


PHOSPHORIC ACID AND PHOSPHATES 


will take place on treatini;^ them with steam, unless great precautions 
are taken to prevent contamination of the catalytic agent. The direct 
oxidation of phosphorus by air as the vapors issue from the furnace 
appears to l)e a much simpler scheme even though no valuable by- 
product is obtained. 

Other patented processes and api)aratus dealing with the volatiliza- 
tion of phosphorus and phosjjhoric acid are listed in Tables LX VI and 
LXVII of the Aiyi)endix. 

The Use of the Electric Furnace in the Volatilization of 
Phosphoric Acid. 

The first ex])erimental work conducted in the Ltireau of Soils ^n 
the production of phosphoric acid by the volatilization ])roccss was cav- 
ried on by Ross, (Mothers, and Alerz^'' in an electric furnace. A fair 
grade of sand and coke and a medium grade of Florida pebble ])hos- 
phate were emj)loyed, these ingredients being mixed in sucb proixirtions 
as to react according to the first equation given on imge 207, exce])t that 
an excess of 20 j)er cent of both coke and sand were added over that 
theoretically required. 

A furnace of very simple design was used in these early experi- 
ments. It consisted of an iron cylinder, 4 feet in diameter and 4)4 feet 
high, lined with 9 inches of fire brick, and provided with a taj) hole 
near the botom for the removal of the slag. A three-] )hase alternating 
current was used, and this was stepped down from 220 volts by two 
single-phase 75 kilovolt ampere transformers. b"ach transformer was 
provided with a .split j)rimary, and by joining in diflFerent combinations 
in series and in parallel the coils in the .secciiidary, voltages varying from 
40 to 100 in .steps of 20 and also halves of these voltages were (.)btained. 
A view of this first furnace is .shown in Figure 45. 

Practically complete volatilization of i>bosph()ric acid from the 
mixtures given above was readily obtained, but during the i)reliminary 
stages of the w^ork great difficulty was cxi)erienced in recovering the 
acid thus evolved, since its ab.sor])tion in water can only be comjdetely 
brought about by rather elaborate sy.stems of si)rays. baffles, or diving 
walls, and even then it is imi)ractical to collect all of the Pi»()r, fumes in 
the form of strong phosphoric acid. These investigators, therefore, 
decided to try out the Cottrell method of electrical i)reci])itation for 
’““J. Ind. and \infr. ChcMii., Vol. 9, p. 20 (1917). 

*‘'LodKc, Sir Oliver, The IClcetric l)is])osition nf Dust, Smoke, etc.. Jour. 
Soc. Cliein. Ind., 5, ]). 57 (188(i); Cottrell, K. Ci., Kleetrical Precipitation of 
Sii.spended Particles, Jour, of Ind. and Knj^. Chcni., 3, p. 542 (1911); Strong, 
W. \V., Electrical lYccipitation of Suspended Matter in (iases, Jour. Franklin 
Institute, 174, p. 239, Sept., 1912; Cottrell, P'. C., Electrical Fume Precipitation, 
Trans. Amer. Inst. Min. Engrs., 43, p. 512 (1912) ; Cottrell, F. G.. Problems in 
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collecting the volatilized acid, and after a g^ood deal of preliminary ex- 
perimentation Imilt a small plant which iirovcd conclusively that this 
process could not only be successfully employed but ])ossessed a num- 

Smokc, Fume and Dust Abatement, Smithsonian Institution, Report, 1913, p. 
653, Publication No. 1307 (1914); Howard, W. IJ., Fume Precipitation at Gar- 
field, Bui. Am. Inst. Min. loigrs., 49, p. 540 (1914); Nesbit. A. F., Theoretical 
and Experimental Considerations of Electrical Precipitation, Proc. Am. Inst. 
Elect. Knj»rs., 34, ii. 507 (1915); Stronj*, W. W., Theory of Electrical Pre- 
cipitation, Proc. Am. Inst, b'lect. b'iii»rs., 34, p. 220 (1915); Bradley, Linn, 
Practical Application of b'lectrical Precipitation, Pioc. \m. Inst, b^lect. Kngrs., 
34, p. 523 (1915); Shmidt, W. A., C'ottrell Processes of Fleclrical Precipitation, 
Trans. Canadian Mining Inst., p. 110 (1915); Stronj^, \V. Some Theoretical 
Aspects of Tilectrical Fume Precipitatiim, Trans. Am, b'lectro. Chem. Soc., 31, 
p. 415 (1917) ; ITcimrod and Egbert, The Cottrell Processes in the Sulphuric 
Acid Industry, Chem. Met. Eng., 19, p. 309 (1918); Gellert, N. II., Electrical 
Cleaning of Blast Furnace Gas, Blast Furnace and Steel Plant, 7, p. 334 (1919) ; 
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her of advantage's over the watcr-absor])tion bystem. This was the 
first time that tlie Cottrell i)rccipitator was ever used for collecting a 
product ])ur])()sely volatilized in order to ai>ply this method of recovery. 

Since this same preci]>itator was used in the early ex])eriments con- 
ducted 1)} the senior author and the same general scheme is now em- 
])loyed in commercial installations, a (juotation descripti\e of the appa- 
ratus and its auxiliary eqiiijmient taken from the article of Ross, 
Carothers, and Alerz is given below. 

Cottrell Electrical Precipitator. 

“The ])ower used in the precipitator was ])r()vided by a 110-volt, 6^- 
c}cle, alternating-current mot(»r-generator set, and was stepped up Iw 
an 8 kilo\olt anijjere tiansformer cai)able of yielding voltages of 10,00(1 
20,000. and 40,0()0 \olts. In these ex])eriments the highest voltage only 
was used. J^'rom the transformer the current was changed to inter- 
mittent direct current by a small mecbanical rectifier attached to the 
shaft of the generator and so adjusted as to operate in synchronism with 
it. The positive lead from the direct current side of the rectifier was 
earthed \Nhile the other terminal was connected to the wires susjiended 
in multiple, one in each of the jnpes used in the precipitator. Each pipe 
was then earthed.’’ 

“In the preliminary experiments made with this precipitator, sheet- 
iron j)ipcs were used, 6 inches in diameter and 10 feet high. The pre- 
cipitated acid, however, had such a corrosive action on these pipes 
that they had to lie abandoned. Pipes were then constructed from 
ordinary ()-inch glazed terra cotta tile,*^ five sections being taken for 
each i)ipe. The i)reci])itated acid gave to the inside of the jfipcs an 
effective conductive surface and in grounding the pipes it was found 
sufficient simjdy to bring the ground wire to the inside surface of each 
jiipe at one point. Arranged in this way the terra-cotta pi])es could be 
used just as metal jiipes and they had the very imiiortant advantage of 
being unaffected by jdiosphoric acid. Wires of monel metal were found 
to be least acted ujion when suspended in the ])ii)es, but nichrome wire 
also served quite well.^“ Weights wttc susiiended at the ends of the 
wires and individual o.scillations were prevented by a wire connecting 
all the weights. 

Landolt and Pier, Air Cleaning by the C'ottrell Fltclrical Precipitation Processes, 
Bill Am Soc of Heating and Ventil. hngrs., Jaiuiarv (1920); 1 lesson, Landolt, 
and ileimnid, Recent Applic.'itions of the Cottrell J’locesses, J'ng. and Min. 
Jour, 112, p 44() (1921). 

^T^.c cit 

The terra-cotta tile used in commercial installations is usually 8" in diameter. 

" Later investigation has shown that sterling silver wire is the most resistant 
to corrosion under regular working conditions. 
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“The capacity of the fan used in drawing off the fumes from the 
furnace was 450 cubic feet i)er minute. As shown later, this How of 
air was much in excess of that necessary to oxidize the idiosphorus 
evolved from the furnace. Tsiiij^ a fan of this capacity it was found 
necessary to use six ])ipes to hrinj( about complete precii)itation of the 
fumes. 

“Since the phosphorus passes off from the furnace for the niost ])art 
in the form of phosjdiorus penloxide it mif^ht he exi)ected at first 
thought that it would he collected as such in tlie ]3reci]>italor. A simple 
calculation will sIkjw, however, that this is not jiractical, for there will 
always he enough moisture in the charge used and in the air required 
to oxidize the jdiosphorus evolved to convert the phosphorus pentoxide 
either in whole or in ]>art into phosphoric acid.‘“ . . 

“When the fumes were i)assed through the tower and precipitation 
thus made at a temperature hut little above noniial, the concentration 
of the acid first collected was in the neighborhood of 60 per cent phos- 
]>horic acid. . . . ( )n cutting down the flow of air somewhat the con- 
centration of the acid was increased to about SO per cent, and it is (|uite 
evident that with the humidity of the air remaining the same a still more 
concentrated acid might be obtained by further limiting the flow of air 
through the furnace.” A view of the furnace used in these exjierimcnts 
is shown in Figure 45. 

Larger Scale Experiments. 

The results obtained in the preliminary t x])eriments with the electric 
furnace were so encouraging that it was deemed wise to continue the 
investigation on a larger scale in order to determine the commercial 
possibilities of the jirocess. Accordingly a ctuqxM'ative arrangement was 
entered into with several firms interested in this line of work and a 
])lant of considerably larger ca])acity and much better suited for the 
])Urpose than that at Arlington hixi>erimental harm was erected at 
lloboken, N. J. Trotracted tests were made over a ])eriod of several 
days and weeks, and data obtained from which the cost of producing 
])hosj)horic acid by this method was estimated. This work was con- 
ducted under the direct suixt vision of J. N. Carothers, and a quotation 
from his article describing the etiuiimient is given below : 

“From the transformer ratings, the ])lanl was a 200-kilowatt instal- 
lation. The incoming power was quarter ])hase, 2,4(X) volts, which was 
transformed to 3 jdiase, 220 volts, by a bank of .Scott connected 

^ In i)kint practise, however, it has been found necessary to introduce addi- 
tional water or steam to obtain snioollier precipitator action and acid of the 
proper .strength. 

**Jour. ind. and h'ng. Chem., 10, No. 1, p. 35 (1918). 
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transformers. A second bank of transformers and a set of double- 
throw switches made it possilde to have either 220 volts or 110 volts 
in the furnace. This arrangement was adojded so as to use the higher 
voltage for starting and the low for operating. For the best operating 
conditions 110 volts were found satisfactory. 

“The; furnace consisted of a water-cooled crucible, with the cooled 
section extending no higher than the region of the molten slag. It was 
lined with fire-clay brick, but silica brick would ])rove more satisfac- 
tory. The i)ortion not exposed to the action of slag was lined with a 
fire-clay brick. All gas mains and the cooling tower had a fire-clay 
brick lining. The heat fn)m the gases served to harden the exposed 
surface and thus improve the service of the brick. The electrod^ 
entered through the tup of the furnace but below a line where the char^ 
entered. C'are should be taken in the design of such furiicaces that thk 
angle of the electrodes conform with the angle of rei)ose of the charge. 
Thus as the charge falls in a natural idle, the breakage of electrodes is 
eliminated. Electrodes may be conveniently controlled by hand, or 
mechanically. Hand control was used in this exi)erimcnt, with the 
control so located that the switchboard and instruments could be 
observed. Six-inch and four-inch graphite electrodes were used. The 
life of a 4-inch electrode was about 7 days, while the 6-inch electrodes 
lasted on an average of 10 days under favorable conditions. Thus it 
may be seen that with such a low consumj)tion electrodes may be oper- 
ated by hand, since the chief movement of electrodes is when they are 
consumed. In this exj)eriment the charge was fed by hand ; however, 
this is obviously impractical in a large installation, where mechanical 
apparatus should be used. During regular operation about 2,000 pounds 
of rock were consumed per 12-hour jxiriod. 

“A slag pit filled with water was used to quench the molten slag as 
it flowed from the furnace. 1lie slag thus chilled slid to one end and 
was removed mechanically. The content of the slag was ap- 

proximately 2 jjer cent, although it is possible to reduce it to 1.5 i)er 
cent or even one j^er cent for regular o])eration. The PyO., content 
of the slag is largely a matter of the mixing of the charge and using 
the proper proportions of rock, sand, and coke. 

“The average production was 0.3 ]X)nnd IlyPOi per kilowatt hour 
absorbed; however, there were i)eriodic yields, during times of good 
operating conditions, in which 0.4 ix)und ll .l^Oi ]>er kilowatt hour was 
produced. Judging from the average results of this experiment it 
seems reasonable to assume that a production of 0.6 pound IbiPC)* per 
kilowatt hour is i)ossible. Of course, the production is entirely de- 
pendent upon the efficiency of the furnace. In the case of this work 
no means were adopted to utilize the heat absorbed by the water sur- 
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rounding the crucible or in the gases carried over from the charge. 
Also there were heat losses from the oxidation of phosphorus to phos- 
phorus pentoxide (PoOs) and carbon monoxide (CO) to carbon 
dioxide (COj) which, if utilized, would materially have increased the 
efficiency of the process. 

‘'As the gases were removed from the furnace they passed through 
a cooling tower before entering the treater. This tower was installed 
to afford sufficient radiation, so that the gases entered the treater at 
250 degrees to 300 degrees C. Above these temperatures in the treater 
electrical and mechanical difficulties arise which make higher temix^ra- 
tures undesirable. 

“The treater consisted of a header of common brick, with a rein- 
forced concrete top to sui)port the pipes, and 20 treater tubes of vitrified 
sewer pipes, 12 inches in diameter and 15 feet in length. All joints were 
packed loosely with silica to prevent air from entering at these points. 
The i>ipes were inclosed to prevent cracking, due to heat differences, 
and to maintain an even flow of gas. 

“All pipes at the top were inclosed in a common hood. Supports for 
the conductors rested on insulators within the treater hood. Complete 
clearance was given to 2,000 cubic feet of gas entering at 300° C., with 
a velocity of 3 linear feet per second. . . . Power was supplied the 
treater from a 150-volt motor-generator set, and transformed to higher 
voltages by a 7.5 kilovolt ampere transformer. A 5-point switch on 
the low-tension side of the transformer, connecting the various turns 
of coils, made a variation of voltages possible. It was found that 70 
kilovolts was sufficient to give complete precipitation of the gases, at 
the above stated volumes and velocity. 

“As the acid fell from the pipes it was caught in a receiving basin 
of vitrified brick set in acid-proof cement. From this basin the acid 
flowed out and was disposed of by pumi)ing to a receiving vat. The 
concentration of the acid collected was controlled by the temperature 
of the gas in the treater. At a temiierature of less than 100° C. the 
concentration is not likely to exceed 50 per cent H3PO4, while a tem- 
perature of 250° to 300° C. will yield an acid of 85 to 93 per cent 
II3PO4. In one case an acid of 97 per cent was produced. An acid 
above 85 per cent H3PO4 will probably solidify when it reaches atmos- 
pheric temperatures, and therefore the pumping apparatus and pi^^e lines 
should be so constructed as to prevent clogging." 

From the results obtained in this plant Carothers estimated the 
yield of phosphoric acid (P2O5) in a 3,'D(X)-kilowatt furnace operating 
on a 24-hour basis 300 days of the year at 0.22 pound per kilowatt 
hour. Assuming that power was available at $25 per horsei)ower year 
he estimated the cost of production, exclusive of interest charges, 
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inainlenancc, and dc])reciati()n, at 3.37 cents per pound of P 2 OS. While 
tliis cost coni])ared rather favorably with tliat of the P-Ori in acid phos- 
])hate during tlie war, when tlie ])nce of sulfuric acid was cxce]>tionally 
high, the figures indicated tliat this ])rocess could hardly compete with 
the older method under normal conditions unless cheaper power or 
higher efficiency were obtained. 

Since these exi)erimcnts were conducted, electric furnaces of com- 
mercial size for the simultaneous production of ferrophosphorus and 
phos])horic acid have been erected at Anniston, Ala., and the yield |of 
acid j)er KW hour has been so im])ro\ed that they are operating quite 
successfully. While most of the phosjdioric acid produced at this plant 
is jmrilied and sold for the pur])ose of manufacturing baking powder, 
and to the jmre chemical trade, the president of the company stat^ 
that the experience gained during the last few years “clearly indicate)} 
that with chcaj) hydroelectric ])ower and proper jdant location phosphate 
rock can he smelted in the electric furnace for the ])n)duction of fer- 
tilizer material at a cost comparing very favorably with the present 
method.” 

Electric Smelting of Mine-Run Phosphates. 

iUit there is another imi)ortant factor having a direct hearing on 
the cost of the unit of !*_.( )r, manufactured by the furnace i>rocess which 
^\as not taken into consideration during these earlier exjKTiments. 
This is the great saving which can be effected by em])loying low-grade 
and run-of-niine phosjdiates which are either unfit for treatment with 
sulfuric acid because of the inherent nature of the rock itself, or must 
be treated by some mechanical means to separate the ])hosphate from 
the impurities with which it is associated. With these facts in mind, 
the senior author undertook a number of exj)eriments with the smaller 
electric furnace at Arlington b'xjxTi mental T^^arm, \'a., and while these 
tests were not conducted o\er any long [xn-iod of time, they show that 
impure i)hos])hates wdiich can be readily and chea])ly mined may be 
advantageously smelled in tbe electric furnace and the final product 
not only obtained more cheaidy but a great conservation of our phos- 
phate resources effected. 

For this work sami)les c)f ph(»s])hate materials were obtained from 
each of the following three localities: (1) Mine-run ])hosj>hatc from 
the hard-rock regions near \ew berry, b'la. ; (J) Mine-run phosphate 
from the pebble fields near b'ort Meade, Fla.; (3) Tennessee brown- 
n)ck ])hosphate from old dum])s near Mount Pleasant, Tenn. The 
analyses of these samjiles of phosphatic material are given in Table 
XXX\ and the volatilization of P^f obtained from these various 

‘\Swanii, T.. Ind. & Eng. (’hem., Vol 14 , p. 630 (1922). 
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types of riin-c)f-mine rock when smelted in the electric furnace are 
given in Table XXXX’l. 


TARLK XXXV 

Analyses ok Aik-Drted Samples of Mink-Kcn and Waste Material from 
HIE 1m.ORM)A and 'J'eNNESSKK IblOSI'llATK P'lELDS 


Coiisiitucnt 

Florida Hard 
Rock and 
Matrix 

1 k'lorida 

I’hosjdialc 
(Pcbhlc) and 
Matrix 

Tcnnc.s.scc 

Hrown 

lMi(^s])liatc 

Wa.stc 


I'er Cent 

1 Vr (Vnt 

IVrCcnt 

COa 

2.22 

1.53 

1.40 

SiOa 

14.37 

45.00 

14.23 

IV K 

3().(»<) 

15.38 

20.85 

AM)j plus 

5.03 

7.50 

7.72 

CaO 

42.07 

22.79 

40.42 

F 

3.(»8 

1.58 

2.71 

Total 

08.00 

04.77 

00.42 


TABLK XXXVI 

Qiantity of PiiospiioRir Aiid (PaOc) Volatilized irom a Ciiarle Made Up 
OF MiNE-KcN PilOSFllAlKS WlIKN S M ELTED IN THE Ju.FC'IRK FURNA(E 
FOR 3 I I OCRS 


I’ho.sphatic Material Used 
in Charge 

Pz( Ic in 
Charge, 
Fxclusivc 
of Coke, 
Ctband h" 

IV)r. in 
Slag by 
Analysis 

Proportion 
of Total 
IV )r. Re- 
maining in 
Slag After 
Smelting 

Amount of 
IV )5 

Volatilized 

1 lard-rock phosphate and matrix. . . 
Land-pebhle pho.sphate and matrix. 
Tennessee waste* material 

I*cr Cent 

22.0 

19.1 

21.3 

J Vr Cent 

0.50 

.66 

.67 

JVt Cent 

1.8 

3.0 

2.7 

Per Cent 

98.2 

97.0 

97.3 



The figures given in Table XXXVI show a volatilization fully as 
good as that obtained where high-grade jihosidiate rock was used, either 
at Hoboken, N. J., or in the preliminary experiments conducted in this 
same furnace. No data, however, were collected in this latter cx^wri- 
nient that would admit of a comiKirison between the power consumed 
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on the mine-run samples and that required for a charge made up of 
high-grade i)hos]^hale rock, sand, and coke, l)Ut it seems unlikely that 
there would l^e much difference in lliese figures since tlie extra ])ower 
required to smelt the sliglit increase in the (piantity of charge due to 
the i)resence of iron and aluminum oxides and jierhaj^s a little extra 
carlionate of lime, should be more than offset l)y the lowering of the 
melting jioint caused hy the presence of tliese impurities. In the fol- 
lowing tables (Tables XXXV If, XXXXdll, XXXIX, XL and XU) 
are given the estimated costs of producing tlie unit of IVOg by the two 
processes, namely, the sulfuric acid method and the furnace proctss, 
from various grades and tyjies of phosphate rock in the form of phos- 
phoric acid, acid jihosphate, and double supcTjdiosiihate. \ 


TABLE XXXVII 

EsiiMAiii) Cost (at tite Mims) of PRODCdNc Onk Ton of Available Ppios- 
PMOKK AcriJ (P/)b) n\ 'rkLAiiNO 1 liGii-fiRADi. Wasiiei) Phosi'Hate Rock 
\M rii Sui I TRic Acid 


Item 

h'lorida 1 lard Rock 
I*lu)sphate 

Florida Peblde 
Idiosi)hate 

Tennessee Brown 
Rock Phosphate 

Quan- 

tit> 

Cost 

per 

Ton 

Total 

C'ost 

Quan- 

tity 

Cost 

per 

Ton 

Total 

C\)sl 


Cost 

per 

^fon 

Total 

Cost 


Tons 



'^foiis 



Tons 



Phospliate rock .... 

3.18 


$12.72 

3.18 

$3.00 

$9.54 

3.18 

$4.50 

$14.32 

Sulfuric acid (50® 










Be.) 

3.44 

♦8.00 

27.52 

3.44 

♦ 8.00 

27.52 

3.44 

* 8.00 

27.52 

Labor and repairs . 


1 1.30 

8.01 


1 1.30 

8.61 


1 1.30 

8.61 

Interest and depre- 










ciation 


t .32 

2 12 


t .32 

2.12 


t .32 

2.12 

Overhead, taxes, and 










insurance 


.05 

4.30 

.... 

.05 

4.30 


.65 

4.30 

Miscellaneous, latx)- 










ratorv, etc 


.... 

2.50 

.... 


2.50 


.... 

2.50 

Total cost per ton 










of IV Is 



57.77 



54.09 



59.37 

Total cost per unit 










of IVOb 


— 

.58 



.54 



.59 


♦ Cost per ton, including interest, taxes, and insurance. 
t(*ost per ton of material handled. 

tOVc interest and 10% depreciation on $100,000.00 (50,000 tons of acid 
phosphate ) . 













TABLE XXXVIII 

Estimated Cost (at the Mines) of Producing One Ton of Phosphoric 
Acid (PaOi) by the Electric Furnace Method from High-Grade Washed 
Phosphate Rock 


Item 

h'lorida I lard Rock 
Phosphate 

Florida Pebble 
Phosphate 

Tennessee Brown 
Rock Phosphate 


Cost 

per 

Ton 

Total 

Cost 

Quan- 

tity 

Cost 

per 

Ton 

'Pot a I 
Cost 

Quan- 

tity 

Cost 

per 

Ton 

Total 

Cost 


T ons 



Tons 



Tons 



Phosphate rock .... 

3.32 

$4.00 

$13.28 

3.32 

$3.00 

$9.96 

3.32 

$4.50 

$14.95 

Sand 

1.50 

.50 

.75 

1.50 

.50 

.75 

1.50 

1.00 

1.50 

Coke braize 

.75 

3.00 

2.25 

.75 

3.00 

2.25 

.75 

3.00 

2.25 

Power * 


.... 

24.00 



24.00 



24.00 

I-abor and repairs. . 


.... 

10.00 



10.00 


.... 

10.00 

Electrodes 


.... 

2.13 



2.13 


.... 

2.13 

Interest and depre- 










ciation 



2.12 

.... 


2.12 



2.12 

Overhc'ad, taxes, and 










insurance 


.... 

10.00 

.... 


10.00 

.... 

• . • • 

10.00 

Miscellaneous, labo- 










ratory, etc 



5.00 

.... 


5.00 

.... 

.... 

5.00 

Total cost per ton 










of IV )b 



60.53 



66.21 



71.95 

Total cost per unit 










of PaO« 



.70 

.... 


.66 


.... 

.72 


♦ I'owcr at $25 per horsepower year. 


TABLFv XXXIX 

Ksttmatkd Cost (at the Mines) of pRonutiNG (')ne Ton of Available Phos- 

I'llOKlC A(II) (PaOs) IN the h'oRM OF DoUHLE SlfPERPIIOSPH ATE BY TREATING 
JIigh-Grade Washed Phosphate Rock with Phosphoric Acid Oihained 
BY Volatilization in the Electric Furnace 



JHorida Hard Rock 
Phosphate 

Florida Pebble 
I’hosphate 

Tennessee Brown 
Rock Phosphate 

Item 

Quan- 

tity 

Cost 

per 

Ton 

Total 

Cost 

Quan- 

tity 

Co.st 

per 

Ton 

Total 

Cost 

Quan- 

tity 

IQI 

IpI 

Total 

Cost 

Phosphate rock 

Tons 

0.98 

$4.00 

$3.92 

Tons 

0.98 

$3.00 

$2.94 

Tons 

0.98 

$4.50 

$4.41 

PaO« in form of 58*" 
Be. acid 

♦ .07 

69.S3 

46.65 

♦ .67 

66.21 

44.35 

♦ .67 

71.95 

48.20 

Lalxjr and repairs . . 


1 1.30 

' 2.08 

.... 

1 1.30 

2.68 


1 1.30 

2.68 

Interest and depre- 
ciation 

Overhead, taxes, and 
insurance 


t .32 

.65 

.65 

1.30 


t .32 

.65 

.65 

1.30 


t .32 

.65 

.65 

1.30 

Miscellaneous, labo- 
ratory, dryinjf, etc. 



2.50 



2.50 



2.50 

Total cost per ton 
of PaOs 



57.70 



54.42 


mi 

59.74 

Total cost per unit 
of P,0. 

.... 

.... 

.58 


.... 

.55 


0 

.60 


♦Equivalent to 1.08 tons of ITaPO-# (58® Be.), 
t C'ost per ton material hancllcd. 

1 6% interest and 10% depreciation on $100,000.00 (50,000 tons of double 
super-phosphate) . 
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Table xl 

"£!sTiiCAtfiD Cost (4)^ the Mines) of* Producing One Ton of PnosPHORia Acid 

(PaOs) BY THE ElECTRIC FuRNACE MeTHOD FRpM MlNE-RUN PHOSPHATES 



Florida Hard Rock 
and Matrix 

Florida Pebble and 
Matrix 

Tennessee Brown 
Rock Phosphate 

Item 

Quan- 

tity 

Cost 

ion 

Total 

Cost 

Quan- 

tit> 

Cost 

per 

Ton 

Total 

Cost 

Quan- 

tity 

Cost 

per 

Ton 

Total 

Cost 


Tons 



Tons 







Phosphate and ma- 







IM 




trix 

3.62 

$0.75 

$2 72 

4.89 

$0.75 

$3.67 

■HWtl 

$1.00 

? 

;3 73 

Washed pebble for 






reinforcing 

.... 

.... 

.... 

1.12 

3.00 

3.36 

.... 

.... 



Sand 

1.64 

.50 

.82 

«... 

.... 


1.64 

1.00 


il.64 

Coke braize 

.75 

3.00 

2 25 

.75 

3.00 

2 25 

.75 

3.00 


22 s 

Power * 

.... 

.... 

24.00 

• • • • 


24.00 

.... 

.... 


!6oo 

Labor and repairs. 

.... 

.... 

10 00 

.... 


10.00 

.... 

.... 

1 

[0 00 

Electrodes 

.... 

.... 

2 13 

• • • • 

.... 

2.13 

.... 

.... 


ii3 

Interest and depre- 










\ 

ciation 

.... 

.... 

2.12 

.... 


2.12 


.... 


2.12 

Overhead, taxes and 











insurance 

.... 

.... 

10 00 

.... 

.... 

10.00 


.... 

miiMiim 

Miscellaneous, labo- 











ratory, etc 

.... 

.... 

5.00 

.... 


5.00 

.... 

.... 


5.00 

Total cost per ton 











of P*0. 

.... 

.... 

59 04 

.... 


62.53 

.... 

.... 

60.87 

Total cost per unit 
of PjO, 

.... 

.... 

.59 

.... 

.... 

.63 


.... 


.61 


* Power at $25 per horsepower year. 


TABLE XLI 

Estimated Cost (at the Mines) of Producing One Ton of Available Phos- 
phoric Acid (I’aOs) in the Form of Double Supekphosiutatl by Treating 
High-Grade Phosphate Rock with Phosphoric Acid Produced by the 
Electric Furnace from Run-oi-Mine Material. 



Florida Hard Rock 
Phosphate 

Florida Pebble 
Phosphate 

Tennessee Brown 
Rock Phosphate 

Item 

HQI 

Cost 

?^on 

Total 

Cost 

iM 

Cost 

per 

Ton 

. 

Total 

Cost 

Quan- 

tity 

Cost 

per 

Ton 

Total 

Cost 

Phosphate rock .... 

Tons 

0.98 

$4.00 

$3.92 

Tons 

0.98 

$3.00 

$2,94 

Tons 

0.98 

$4.50 

$4 41 

P 2 O# in form of 58" 
Be. acid 

* .67 

59,04 

39.58 

♦ .67 

62 53' 

41 91 

♦ .67 

60 87 

40 79 

Labor and repairs . . 


1 1.30 

2.68 

.... 

1 1.30 

2.68 

.... 

1 1.30 

2 68 

Interest and depre- 
ciation 

Overhead, taxes and 
insurance 


t .32 

.65 

.65 

1.30 

.... 

t .32 

.65 

.65 

1.30 


t .32 

.65 

.65 

1.30 

Miscellaneous, labo 
ratory, drying, etc. 



2.50 


.... 

2.50 


• • • • 

2.50 

Total cost per ton 
of P 2 O 2 



50.63 

.... 

.... 

51.98 


.... 

52.33 

Total cost per unit 
of P 2 O. 

.... 

— 

.51 

.... 

... 

.52 


.... 

.52 


* Equivalent to 1.08 tons of H1PO4 (58® Be.), 
t Cost per ton of material handled. 

i6% interest and 10% depreciation on $100,000.00 (50,000 tons of double 
super-phosphate) . 


























227 


THE VOLATILIZATION PROC^^SS 

While the figures given in the foregoing tables are partly estimated, 
they are considered conservative and fair in so far as the costs of 
each process and type of material used comi>ares with any other. Sum- 
ming up the data given in these tjibles, we find that the cost of the 
unit of PjOc obtained by the electric furnace process is considerably 
higher than the present cost of the ])hosphoric acid produced by 
the sulfuric acid method, but when the phosiJioric acid obtained 
by the former methods is used to manufacture double acid phosphate, 
the final cost of the unit of soluble PjOr. is brought down very 
materially. 

When run-of-mine phosphate is treated in the electric furnace, 
however, the cost of the unit of I'oOb in the form of acid is considerably 
below that obtained by the same process using high grade rock, and 
where the phosphoric acid obtained by smelting such low grade materials 
is utilized in making double superphosphate, the final cost of the unit 
of P 2 O 5 compares very favorably with that produced by the sulfuric 
acid method. At this ix)int, however, the double super jdiosphate has 
a distinct advantage over the ordinary acid phosphate, in that it is so 
concentrated that it can be luindled, shipix‘d, and distributed at a 
minimum cost. 


Theoretical Heat Balances. 

The data obtained in these experiments and given in Tables 
XXX VII I and XL indicate that where phosphoric acid is produced in 
the electric furnace the main cost item is that of electric power. Where 
this electric energy is available at a price at low as $25 per horsepower 
year, the actual cost of power is over 70 per cent of the total charge 
against the ton of PjOs in the form of H 3 PO 4 . With a properly de- 
signed furnace, however, and efficient auxiliary equipment for conserv- 
ing the heat wasted in the ordinary crucible type of furnace, it should 
be possible to reduce the power cost i>er unit of phosphoric acid 
very materially. In Tables XLIl and XLIII the heat balance of two 
electric furnaces for the production of phosphoric acid, one an open 
crucible and the other of the shaft tyix, are given. Certain assump- 
tions were made in making up these tables, but the figures are considered 
conservative and comparable in so far as the relative heat economies 
are concerned. In both instances sufficient carbon is assumed to 
he present to reduce completely the phosphoric acid to elementary phos- 
phorus and enough silica added to give a slag having the comix)sition 
CaSiOa. 
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TAHLK XLII 

Theoretical Heat Balance of Euixtric Furnace of Simple Crucible Type 
(Capacity 10 tons IVls per day of 24 hours) 


Item 

No. 

Actions Affecting Temperature 

1 Icat Generated 
(plus) 

Heat Consumed 
(minus 

Thou- 
sands of 
Kilo- 
gram- 
C alories 
per Ton * 
of PiO# 

Per Cent 
of 

Total 

Thou- 
sands of 
Kilo- 
gram- 
Calories 
per Ton “ 
of PA). 

Percent 

To^al 

\ 

1 

Absorbed by burden before fusion 

\ 




2 

Absorbed by burden in fusing” 

) 


.... 

.... 

3 

Absorbed by endothermic reactions 






in ore 

• • • • 


4,100 

36.1 

4 

Evolved by exothermic reactions in 






ore 

420 

37 




5 

Evolved by oxidation of C to CO.. 

1,140 

10.0 



6 

Involved by oxidation of this CO to 






COa 

2,660 

23 4 


.... 

7 

Evolved by oxidation of P to PXlt 

2,850 

25 0 

, , 

.... 

8 

Removal of heat by cooling masonry 

.... 

> • • • 

1,619 

14.2 

9 

Removal of heat by slag ^ 


• • • • 

1,707 

15.0 

mm 

Removal of heat by evolved gases 






(at 050* C.) 


• • * • 

2,350 

20.6 

11 

Removal of heat by unburned CO**. 



1,600 

14.1 

12 

Heat supplied by electric energy .. 

^ 4,306 

37.9 


— 


Total 

11,376 

100.0 

11.376 

100.0 


Economy : * 

In pounds per kilowatt hour 0.44 

In 2,000 pounds P/ls per kilowatt year 1.90 

In 2,000 pounds IVIe per liorsepower year 1.43 

In over-all thermal efficiency, per cent 36.10 


“ Metric ton. 

** Included in item 9. 

* Including small amount removed by ferrophosphorus. 

‘“Assuming one-third of CO unburned in furnace. 

*5,010 kilowatt hours. 

* Production based on 90 per cent recovery of PiO? in furnace charge. 
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TABLE XLIII 


Theoretical ITeat Balance of Electric Furnace, Shaft Type 
(Capacity 10 tons per day of 24 hours) 




1 k*at Generated 
(plus) 

IJeat Consumed 
(minus) 

Item 

No. 

Actions Affecting Temperature 

Thou- 
sands of 
Kilo- 
gram- 
Calories 
per Ton * 
of 

Per Cent 
of 

Total 

Thou- 
sands of 
Kilo- 
gram- 
Calories 
per Ton " 
of IV )b 

Per Cent 
of 

Total 

1 

2 

Absorbed by burden before fusion “ 
Absorbed by burden in fusing 

} .... 

.... 


.... 

3 

Absorbed by endothermic reactions 
in ore 



4,100 

44.1 

4 

Evolved by exothermic reactions in 
ore 

420 

4.5 


5 

Evolved by oxidation of C to CO.. 

1,140 

12.3 

.... 

. • . . 

6 

Evolved by oxidation of this CO to 
COa 

2,660 

28.6 



7 

Evolved by oxidation of P to P^eO# 

2,850 

30.6 



8 

Removal of heat by cooling masonry 

• • • • 

2,369 

25.5 

9 

Removal of heat by slag 

.... 

• • • • 

1,707 

18.3 

10 

Removal of heat by evolved gases 
(at 315" C.) 



1,124 

12.1 

11 

Removal of heat by unburned CO**. 



• • • • 

12 

Heat supplied by electric energy — 

- 2,230 

24.6 


— 


Total 

9,300 

100.0 

9,300 

1 

100.0 


Economy : * 

In pounds of PaOs per kilowatt hour 0.85 

In 2,000 pounds PaOs per kilowatt year 3.70 

In 2,000 pounds PaOa per horsepower year 2.77 

In over-all thermal efficiency, per cent 44.10 


* Metric ton. 

‘’Included in item 9. 

* Including small amount of ferrophosphorus. 

^ Assuming all CO burned in furnace crucible and shaft. 

* 2,595 kilowatt hours. 

* Production based on 90 per cent recovery of P^Os in furnace charge. 

It will be noted that under these conditions the over-all furnact 
reactions are exothermic. If, therefore, no heat were lost in the evolvec 
gases, in unburned carbon monoxide, from radiation through the wallf 
of the furnace, and in the slag which is tapped off, the reaction wher 
started should go to an end without power consumjition. Of course 
some of these losses cannot be avoided and others can only be partiall) 
eliminated, but as will be seen by comparing the figures for the Iwc 
types of furnaces the efficiency of the shaft type, wherein much of the 
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heat in the effluent gases is conserved and the phosphorus and CO are 
completely oxidized before leaving the furnace shaft, a great saving 
in power consumption may be effected. 

With the development of certain power sites it is possible that 
electric energy may be obtained for purposes such as fertilizer produc- 
tion at a price below $2S per horsepower year. This would make it 
feasible either to transport and use higher grade phosphate rock from 
the Florida fields or to transmit such power to the Tennessee phosphate 
fields and use run-of-mine phosphates, thus eliminating the costly wash- 
ing process and conserving and utilizing deix)sits which are at present 
considered unfit for the production of phosphatic fertilizers. \ 

The work of Ross, Mehring and Jones, which shows that phos- 
phorus can be driven off from mixtures of phosphate rock, silica, and 
carbon at a temperature below the fusing point of such a charge (1300° 
C.), is now being conducted on a somewhat Itirger scale and if the 
mechanical and chemical difficulties can be successfully met it may be 
possible to produce phosphorus and phosphoric acid with the expendi- 
ture of far less electric current than is required in the electric arc 
furnace. These semi-commeicial experiments are being conducted by 
K. D. Jacob."® 

The Use of the Fuel Furnace in the Volatilization of 
Phosphoric Acid. 

At the present time, however, there is very little cheap electric 
power available in this country. Moreover, the history of our hydro- 
electric develojiments in the past has shown that the demand for pri- 
mary power for public utilities and for industries turning out relatively 
high-priced products has been so great that the manufacturer of lower- 
priced goods which depend upon smelting processes has had to look 
to fuel for his source of energy. Even should there be a great increase 
in our power developments, many believe that it will still be economi- 
cally unsound to dispose of this power for the manufacture of a 
material as cheap as phosphate fertilizer must always be."^ 

Comparative Cost of the Thermal Unit Furnished by Electric 
Power and Fuel. 

In the volatilization process of producing phosphoric acid, how- 
ever, the chief function of the electric current is that of supplying the 

^Development of Volatilization Methods for the Manufacture of Phosphoric 
Acid, 48th Meeting of the American Electro Chemical Society, Chattanooga, 
Tenn., Sept. 24, 1925. 

"MacDowell, C. II., Problems of Muscle Shoals, a paper prepared for the 
Muscle Sli ais Inquiry (1925). Reprinted in American Fertilizer, Vol. 63, p, 21 
a9251. 
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Fig. 46 .— Comparative Cost of Million B. T. U. Furnished by Electric Power and Fuel. 
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temperature necessary to effect the chemical reactions involved and 
the electric furnace is merely a convenient tyi^ of api)aratus to use in 
bringing about the decomposition of iihosphate rock under reducing con- 
ditions. It logically follows, therefore, that if these same conditions 
can be fulfilled by employing fuel as a heating source in lieu of the 
electric arc, a great saving in the cost of the heat energy required should 
be effected. The accomjKinying charts (Figuies 46-48) and Table 
XLIV give a fairly clear idea of how electric ])ower and fuel comj:)fire 
in cost as sources of equivalent quantities of heat energy. 


TABLE XLIV 


Prices Assumid ^oR 1 lktrk Powlk and Lorki sponding Cdsis oi SxANDii 


hujis AS SuLk(i-s OI iMjiivAirNi QuAMinis 01 Ulai 


Maximum Prices at Which Standard Fuels Must Be Obtained 


Electric Power * 


to Compete with lUctric Power at Rates Liven in Column I 


Lost per 
Kilowatt Year 

Co.il ** per 
Long 1 on 

Fuel Oil 
per Gallon 

Coke ** pel 

1 ong 1 on 

Natural Gas ® 
per 1 housand 
Cubic 1 eet 

$5 

■■IfljniiiH 

■ITf 

$4 (>() 

$018 

10 



9 20 

36 

IS 



13 80 

54 

20 

18 40 


18 40 

72 

25 

23 00 

110 

2^00 

90 

30 

27 60 

132 

27 60 

108 

35 

32 20 

154 

32 20 

126 

40 

36 80 

176 

36 80 

144 


•3,415 Btu per kilowatt hour '14 000 Btu per pound 

*’14,000 Btu per pound 1,J00 Btu per culiic foot 

® 19,000 Btu per iiound 


In the curves given in Figure 46 the cost of a million Ihitish thermal 
units produced by certain standard fuels at various puces is compared 
with the cost of the heat equivalent produced by electric jiower at 
various rates per kilowatt hour. 

In Figure 47 curves are given for converting the cost of the thermal 
unit from mills ix^r kilowatt hour into the terms -of dollars per kilowatt 
year or dollars per horsepower year, either of which is a more con- 
ventional method of expressing the cost of i>ower which is consumed in 
large blocks. 

In Table XLIV certain points along the curves given in Figure 46 
are taken in order to show tyjrical examples of the prices at which 
electric power must be obtained to compete with fuel furnishing the 
same number of thermal units. 

In Figure 48 a comparison is made of the yield of product obtained 
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by burning 1 pound of various fuel*; with that obtained by a power 
consumption of 1 kilowatt hour. This last chart is drawn up on the 
assumption that the same efficiency in utilization of thermal units is 
attained from both sources of heat energy which (as pointed out below) 
is not strictly tiue. 

It is evident that under present conditions the cost of the heat unit 
produced by the hydroelectric developments in this country cannot com- 
pare in cheapness with that obtained by the use of either fuel oil, coal, 
or coke It is not altogether fair, however, to compare the efficiency 
of electric power with that of fuel as a heating source on the basis of 



Fig 47 — Chart for Converting Power Costs from Mills per K W. Hour to 
Dollars per K W Year and II P Year 


the actual cost of the thermal unit developed by each. In the electric 
furnace the heat is very much more localized, and there is less loss 
through radiation, and in the evolved gases, than in a furnace heated 
by fuel, where excess air must be introduced for combustion. By 
proper regenerative apparatus and means of utilizing the sensible heat 
in the effluent gases, however, this latter loss of valuable heat may be 
materially reduced. 

To further offset the greater efficiency of the thermal unit developed 
by electric energy it must be borne in mind that the utilization of mine- 
run phosphates depends upon the location of a furnace plant close to 
the source of the raw material (the phosphate mines), and while certain 
of the phosphate deposits of Tennessee are sufficiently close to admit 
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of the transmission of power to* the mines from a development stlch 
as' Muscle Shoals, Alabama, the Florida deposits are far removed from 
any source of cheap hydroelectric i>ower. Low-priced fuels (either 
oil, gas, coal or coke), however, are readily available in practically all 
of the phosphate fields of this country. 

With these facts in mind the writers undertook an investigation to 
determine if complete elimination of phosphoric acid from proper 
mixtures of phosphate rock, sand, and coke could not be brought aljfout 



Fig. 48 .— Comparison of Yield per K. W. Hour with Yield per Lb. of Fuel o\ 
Various Thermal Values. 


at the temperatures attained and under the conditions existing in varioui 
types of fuel-fired furnaces, and the results have shown that this car 
be done by properly proportioning the ingredients in the charge anc 
maintaining reducing conditions within the phosphate mass. 

Preliminary Laboratory Experiments. 

The work was first undertaken on a laboratory scale using rcla 
tively pure samples of tricalcium phosphate, quartz flour, and carbon 
These ingredients were thoroughly mixed in several proportions, placed 
in graphite or clay crucibles, and heated in an injection furnace for 
various periods of time with the crucibles both open and closed. City 
gas and a cold-air blast were employed in heating these mixtures. 

Table XLV shows in part, the results obtained by heating such 
mixtures with and without the addition of small amounts of aluminum 
oxide. 
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An inspection of Table XLV shows that as a rule considerably 
better results were obtained where the crucibles were kept covered so 
that the oxidizing gases were not allowed to come in contact with the 
charge. In most instances where a molten slag was obtained and the 
heating continued sufficiently long, a very high percentage of the phos- 
phoric acid contained in the chaige was volatilized. When the crucibles 
were left open, however, it was noticed that a thick white crust or 
“bloom’’ usually formed o\er this slag and unless the temperature /was 
raised to the ixjint where the fire-clay crucible itself fused, this clrust 
gave no sign of melting int(j the slag beneath. The ratio of lime to 
phosphoric acid in this unfused material conformed closely to the rWio 
of these ingredients in calcium pyrophosphate. Ajjjxirently under ihe 
oxidizing conditions existing at the surface of the mass the phosphoric 
acid distilling from the interior of the charge was fixed at the surface, 
producing calcium pyrophosphate according to the following equation : 

2Ca,(P()02 + r/), == 3C a.PoO^. 

In these preliminary exj>eriments the ratio of silica to lime was 
approximately 61 to 39, which is very close to the proportions of these 
ingredients in calcium trisilicate fCa^Si ,()«). Charges having this 
silica lime ratio gave slags from which a quicker and more complete 
evolution of P 2 ( was obtained than from those of a less acid nature. 
Such slags, however, congeal so readily that the taj^ping of the furnace 
is rendered somewhat difficult. Subsectuent experiments indicate that 
the more nearly neutral slags are more readily fused and probably better 
adapted for actual furnace operation. 

These experiments pointed conclusively to the importance of main- 
taining reducing conditions in the j^ihosphate charge, and it appeared at 
fir.st that the most feasible method of doing so in a mass containing 
much finely divided material, such as the pebble i)hosphates of Florida 
or the mine-run phosphates from Tennessee, was by the indirect heating 
of the charge so that the oxidizing gases from the burning fuel would 
not come in contact with the reacting mass until the latter was brought 
to a molten condition. Accordingly, a fire-brick furnace of semi- 
commercial size, of the type shown in h'igure 49 and described by the 
senior author and others in United States Patents Nos. 1241971 and 
1282994, was constructed at Arlington Experimental Farm, Va. This 
furnace comprised a central or inner chamber holding about 150 pounds 
of charge) open both at the top and the bottom but constricted some- 
what at the lower end to prevent the charge from working through too 
rapidly. This chamber was supported by arches of carborundum brick 
above a hollow hearth intended to receive the molten silicate. The 
whole was surrounded by an outer chamber into the opposite walls of 
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which were first set water cooled tuyeres to deliver preheated air for 
the combustion of the coke as the charge descended upon the hollow 
hearth. These tuyeres, however, were later rejjlaccd by two oil burners 
so arranged that their tlames ])laycd U])on and around the lower part of 
the inner chamber, heating the cliarge by radiation through the 4>4- 
inch walls. Any fumes which were evolved from the fusing mass were 



Fig. 49. — Vertical Section of Oil Burning Furnace for the Indirect Heating of 

Phosphate Charge. 


to be drawn down through the charge chamber into the outer chamber 
and passed, together with the gases of combustion, into the Cottrell 
precipitator previously described. 

This indirect method of heating the charge, however, was so in- 
efficient that after several trials lasting from 18 to 24 hours each, it was 
abandoned as impractical. Little or no slag was obtained and only a 
relatively small quantity of phosphoric acid was driven off from the 
sintered product. 
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These experiments showed clearly that in order to make the process 
economically practical the calorific power of the fuel must be more 
completely utilized, which could only be done by the direct heating of 
the mass. The most promising type of furnace for this purpose seemed 
to be a modification of the blast furnace, wherein sufficient coke is used 
to maintain a reducing atmosphere both in the crucible and in the shaft. 
The run-of-niine phosphates with which the experiments were being 
conducted, however, are of such a character that it is impossible to 
handle them in a plant of the blast-furnace type, because of the uarge 
percentage of finely divided material present in the mass, through \jjhich 
it is impossible to force a draft. 

The Briquetting of Mineral Phosphates. 

Accordingly experiments were undertaken with a view to briquetting 
the mixtures of finely ground pebble phosphate, sand, and coke, using 
various binders, such as magnesium chloride, calcium chloride, sodium 
fluoride, sodium silicate phosphoric acid, acid sludge from the refining 
of petroleum, sulfite liquor and small percentages of starch. Briquets 
of several sizes were produced under pressure varying from one-half 
to 1 ton per square inch, but none of these binders proved entirely 
satisfactory, either because of their cost or because of the readiness 
with which the freshly made briquette shattered. 

In both Florida and Tennessee, however, certain phosphate deposits 
in their natural state contain much soft phosphate and claylike material 
of considerable plasticity, and the binding qualities of some of this 
run-of-miiie phosphate proved sufficiently effective to produce briquettes 
without the addition of an artificial binder. Such briquettes, however, 
are usually stronger when freshly made than they are after being dried 
so in order to insure a furnace charge of the desired mechanical 
strength, it is wise to employ a small percentage of some binding agent 
such as sulfite liquor.^® Since the binding capacity of this run-of-mine 
material depends largely on the amount of finely divided material or 
clay contained therein, the samples obtained from the various phosphate 
deposits in these two States were ground to 15 mesh in a small grist- 
mill and then submitted to the mechanical analysis ordinarily employed 
in the classification of soils. In Table XLVI are given the results of 
these analyses along with the analysis of very finely ground washed 
pebble phosphate of the grade used in the production of an average acid 
phosphate. 

*A by-product obtained in the manufacture of paper. 



TABLE 3tLVI 

Location, Ds^dtpricm, and ^bcbanical analyses* of Pltos^HATBs Uses in 
Briquetting Experiments 


Sample 

No. 

Ix)calion 

'r hickness 

II f Stratum 

Description 

Sand, 

1.0- 

0.05 

Milli- 

meter 

1 

m 

1 

L harleslon, S. C., 

15 ft. + 

Washed pebble phos- 

Per 

Cent 

45.2 

Per 

Cent 

36.0 

Per 

Cent 

18.8 

2 

Ahmng & Maiiu- 
tactiiriiig Co., 

Fort Meade, Fla. 
Cummer Lumlier 

do. 

phate 

Mine-run phosphate 

45.0 

21.0 

34.0 

1-F. . . 

Co., Newberry, 
I'la. 

downing I’hos- 


do. 

56.2 

7.6 

36.2 

l-F (2) 

phate Co., Bar- 
tow, hla. 
Downing Phos- 

20 ft. + 

Mine-run pebble phos- 

84.3 

5.8 

9.9 

4-F... 

phate Co., near 
Mulberry, Fla. 
do. 

do. 

phate 

do. 

78.5 

7.2 

14.3 

1-T... 

Consolidated 

6 ft. 

Br^wn phosphate con- 

73.3 

14.6 

12.1 

3-T... 

iMiosphatc Co., 
Hickman Coun- 
ty, Tenn. 

Deposit near Gal- 

4 ft. 

taining lump rock 

Brown disintegrated 

54.1 

18.3 

27.6 

4-T... 

latin, Tenn. 
do. 

do. 1 

phosphate 

Similar to No. 3-T 

55.4 

17.6 

27.0 

6-T... 

Ruhm I’hosphate 

5 ft. 

Brown phosphate con- 

66.2 

16.1 

17.7 

7-T... 

Co., Mo u n 1 
Pleasant, Tenn. 
do. 

7 ft. 

taining lump rock 

do. 

59.0 

16.8 

24.2 

8-T... 

do. 

14 ft. 

Sample from upper end 

42.5 

39.0 

18.5 

9-T... 

do. 

15 ft. 

of waste pond 

Sample taken 63 ft. 

24.2 

50.2 

25.6 

10-T... 

do. 

10 ft. 3 in. 

from 8-T 

Sample taken 63 ft. 

30.4 

45.8 

23.8 

11-T... 

do. 

5 ft. 11 in. 

from 9-T 

Sample taken 63 ft. 

11.6 

56.7 

31.7 

12-T... 

do. 

5 ft. 

from 10-T 

Sample taken 63 ft. 

22.5 

41.1 

34.4 

13-T... 

do. 

4 ft. 6 in. 

from 11-T 

Sample taken 63 ft. 

7.2 

44.0 

48.8 

14-T... 

Charleston (S.C.) 

10 to 20 ft. 

from 12-T ^ 

Brown disintegrated 

50.4 

20.4 

29.2 

15-T... 

Mining Co., 
Wales, Tenn. 
International 

10 to 20 ft. 

phosphate 

TTigh-grade disintegrat- 

51.6 

18.4 

30.0 

16-T... 

Agricultural 
C’orp., Wales, 
Tenn. 

do. 

do. 

ed phosphate 

Low-grade disintegrated 

1 53.7 

13.8 

32.5 

18-T... 

, Federal Chemical 

1 6 to 10 ft. 

phosphate 

Mine-run brown phos- 

46.5 

19.7 

33.8 

19-T... 

Co., Ridley, 
Tenn. 

do. 

do. 

phate 

do. 

62.4 

16.6 

21.0 

20-T.., 

, do. 

do. 

do. 

52.6 

22.4 

25.0 


* Mechanical analyses made according to the method employed in this bureau 
for the classification of soils. 
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It will be noticed that with few exceptions all of the samples of 
run-of-niinc phosi>hates contained in their natural state much higher 
percentages of very finely divided material or clay than the high-grade 
washed pebble phosphate (Sample No. 1), even though the latter was 
ground in a ball mill for a considerable length of time. While most of 
these samples would yield excellent brifiuets when 7 to 10 jxir cent of 
water was added and the material sulimilted to a pressure of from 
one-half to one ton per square inch, the ultimate mechanical comjio- 


TABLE XLVII 

Partial Chemical Anai ysis anh Silica-Lime Relations of Natural 

I'noSPHAlFS 


Sample 

No. 


( hemical 

Anal> SIS 


Ratio, 
Si( >2 : 
CaO 

Quantity of 
Sand or Jligh- 
(irade Rock to 
Re Added to 
100 Parts of 
Material to 
Give Ratio 
SiOaCaO 
= 59.0:41.0 
= 1.439 


SiO. 

CaO 

1 ’•.(), 


ALO. 

I'olal 


Sand 

Rock 


Per 

Per 

IAt 

Per 

Per 

Per 





Cent 

C'ent 

Cent 

Cent 

(*ent 

C eiit 


Parts 

Parts 

1 • 

6.85 

44 78 

31.09 

1.48 

2.13 

86.33 

0.153 

57.36 


2 

32.79 

26.47 

21.43 


"11.78 

92.47 

1.239 



1-F 

26.90 

29.05 

23.61 

2.0<3 

8.40 

90.11 

.928 

14.85 


1-K(2).. 

37.57 

29.70 

21.52 


"8.92 

92.71 

1.265 

5.20 


4-F 

45.21) 

24 29 

18.36 


"491 

92 76 

1.861 


17.70 

1-T 

10.00 

42.66 

31.86 

3.26 

3.90 

91.68 

.232 

51.35 


3-T 

30.23 

28.17 

22.03 

4.06 

6.94 

91.43 

1.073 

10.27 


4-T 

38.74 

23.00 

17.88 

4.45 

5.00 

89.07 

1.686 


8.20 

6-T 

15.53 

38.32 

27.68 

3.56 

4.33 

89.42 

.405 

39.65 


7-T 

18 69 

33.09 

25.20 

4.84 

5.54 

87.36 

.565 

28.91 


8-T 

49.60 

18.24 

14.21 

3.76 

4.73 

90.54 

2.717 


33.9 

Q_T 

58.94 

12.20 

10.23 

4.30 

5.06 

90.73 

4.830 


60.1 

1()-T 

56.32 

15.16 

12.05 

3.98 

4.41 

91.92 

3.716 


50.0 

11-T 

66.81 

8.05 

6.92 

4.46 

6.82 

93.06 



80.0 

12-T 

55.68 

12.58 

10.51 

4.78 

7.85 

91.40 

4.430 


54 5 

13-T 

61.18 

6.60 

6.32 

5.68 

9.57 

89.34 

9.275 


74.8 

14-T 

23.42 

30.78 

22.70 

5.22 

7.40 

"89.52 

.762 

2'o.85 


15-T 

22.26 i 

31.41 

23 85 

4.78 

7.79 

90.09 

.708 

22.94 

• • • • 

16-T 

57.34 

12.00 

11.23 

4.90 

7.23 

92.70 

4.775 

.... 

58.0 

18-T 

23.86 

30.26 

22.76 

4.55 

8.40 

89.83 

.788 

19.64 


19-T 

16.50 

37.41 

25.84 

3.02 

5.50 

88.27 

.441 



20-T 

28.90 

28.64 

20.79 

3.82 

6.63 

88.78 

1.070 

1 12.31 

.... 


• This phosphate was used in reinforcing the lower grades of mine-run 
material. 

Combined oxides of iron and aluminum. 
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sitioii of a cliarji^c suitable for furnace treatment depends upon the 
amount of sand or liij^her j^rade i)hosi)hate which must be added to 
gi\e llie ])n)per silica-lime ratio for the evolution of phos])horic acid 
at bi^b temj)eralures. Jn Table XI A II are j^ixeii ibe chemical analyses 
of these samples and the (luantities of sand or hij;[h-j»rade rock which 
must be added to ^ive a silica-lime ratio of 59 to 41, which was the 
proportion used in the earlier work conducted on a semi-commercial 
scale. 

An insjXTtion of Table XI ATI will show that samj)leR Nos. 4-F, 
4-1\ <S-T, 9-l\ 10-T, 11-T, 12-T, 13-T, and 16-T are so low in phos- 
phoric acid as to eliminate them as commercial possibilities, unless they 
are reinforced with hij^ber ^rade phosphates. JUit most of these samples 
(S-T to 13-1\ inclusi\e) were taken fiom the waste pond of an old 
phosphate ])lant and represent the detritus washed out from run-of- 
mine material in preparinp^ a hi^h-fjrade rock for the market. It will 
also be noticed that in most instances wdiere the phosphate content of 
the sam])les is low and the silica content hij^h, there is sufficient clay 
j)resent to admit of addmj^ enouj»h higher grade ]>hosphate rock to 
obtain the ^woper silica-lime ratio without substantially reducing the 
binding (jualities of the resultant mixture. 

In Table XI ATI I are given the cjuantities of sand and coke which 
were added to 100 parts of the better grades of mine-run phosphate to 

lABLk: XIATII 

r.uiOi M 1 1 s I’oHMri) Mi\n ki s or N \h kai PiiosriiMj Roi k, Sand, and Cokk 


.Sample 

No. 

Hn(|iKtto Mixture 
SiO. Cat) 5‘):41 

Calculated composition of briiiiiette 
Mixture ( \ir-dried) 

Kock 

.Sani])le 

Sand 

Coke 

Sit h 

( aO 

TM >5 

h ej( )a 

Al.( 

Coke • 





JVr 

Ver 

iVr 

Per 

Per 

IVr 


(iiams 

(irams 

(Jrams 

Cent 

i enl 

Cent 

Cent 

Cent 

Cent 


100 

s.oo 

14.32 

31.07 

22.18 

17.% 

'■‘).87 


12.00 

1-h' 

100 

14.85 

15.65 

32.10 

22 25 

18.10 

1.60 

*6.44 

12.00 

1-F C2)..| 

100 

5.20 

14.35 

35.79 

24 84 

18.00 

"3.2<) 


12.00 

3T .... 

100 

10.27 

15.05 

32.31 

22.47 

17.60 

3.24 

mMm 

12.00 

5-T 

10(1 

20.41 

16.40 

32.80 

22.80 

17.62 

3.00 

■KCI 

12.00 

7 T 

100 

28 91 

17 55 

32.70 

22 59 

17.20 

3.31 


12.00 

14-T 

100 

20.85 

16.47 

32.25 

22.40 

16 54 

3.80 

5.39 

12 00 

15 T 

100 

22.94 

16.75 

32.35 

22.50 

17.09 

3.42 

5.58 

12.00 

18 T 

100 

19.64 

16.30 

32.00 

22.23 

16.75 

3.35 

6.18 

12.00 


■ The fixed rarbon plus ash considered as coke. The coke used in these ex- 
periments contains 14.9 per cent of ash. An analysis of this ash showed that 
the coke in the briquetted mi.xture adds 0.98 per cent Sit > 2 , 0.02 per cent CaO, 
and 0 63 per cent AlaOa.h’eaOa to the mix. 

^ Combined oxides of iron and aluminum. 
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make up cliargcs suitable for furnace treatment. The composition of 
these briquetled charges is given in the last six columns of this same 
table. In Table XT-IX these same data ate gi\en for niixtuies of two 
or more samples of mine-run idiosphate and the riguies show how many 
low-grade deposits may be utilized by mixing the material with that 
from near-by or adjacent de^xtsils of higher grade. 

Subsequent work on a larger scale, howe\er, has proven that the 
briquetted charge can be made mote nearly neutial or actually some- 
what basic in so far as the relation of lime to silica is concerned. Tliis 
is very important from the standpoint of econom> since it mean^ less 
charge need be smelted per unit of ]^( >5 lecoveied. 


TAHLP \IJX 

Briouittls r ormfd in iMimcris or TIk.ii Cikadi a\t» l^)^\ (irmm Pik^simiatf 

K(XK with C OKI 


Sample 

Uruiiiottc Mixture 
SiO, CaO = 59. 41 

(aUulatid composition of l)nc]uctte 
Mixluu CAii-dtud) 

No 

Rock 

Sample 

Sand 

C okc 

SiO. 

CaO 

IV ). 

AIA). 

F\ ( h 

t okc • 





l\r 

l\r 

Bii 

I’ci 

\\l 

Per 

- 

Grams 

Grams 

Cjrams 

C cut 

( cut 

Cent 

C cut 

C lilt 

( cut 

4-F . ... 
1-F(2).. 

44 4 

55 6 

.... 

13 63 

36 04 

24 01 

17 69 

^3 84 


12 00 

3- T 

4- T .... 

35 48 
64 52 

... 

13 63 

31 42 

20 92 

17 00 

3 80 

5 00 

12 00 

7- T 

8- T .... 

44 7 

55 3 

}■■■ 

13 63 

31 50 

2190 

16 83 

3 74 

4 49 

12 00 

15- T 

16- T .... 

63 6 

36 4 

.. 

13 63 

30 80 

21 45 

16 95 

4 25 

6 f»8 

12 00 

18-T 

33 3 

1 






6 37 


19-T . ... 

33 3 

2310 

16 79 

33 00 

22 95 

16 55 

4 89 

12 00 

20-1' . . . 

33 3 

) 









• riic fixed carlion plus asli considtrtd .is loke he cokt ustd in thisc ex- 
penmcnls contains 14 9 per cent of ash An anaUsis of this ash showed that the 
coke in tht briquetted mixture adds 0 98 per tent SiDi, 0 02 per cent CaO, and 
0 63 ptr eent \bt)j,Be/)j to the mix 
AUh,¥v2Qh 


In preparing the samples for briquetting put poses it was found that 
a Sturtevant hammer mill would grind run-of-mine jihosphate con- 
taining as high as 10 per cent of moisture, to 15 mesh without clogging 
the mill. Vrom a commercial standpoint this is a very inqxirtant item, 
since much of the material as it comes from the mines contains a high 
percentage of moisture, the complete removal of which is somewhat 
costly. Moreover, since the presence of from 7 to 10 per cent of mois- 
ture in the final mixture is necessary in order to give the material the 
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proper plastic qualities for briquettini^ purposes, it would be unfor- 
tunate to have to dry the ]>hos]>bate only to wet it ajj;ain in order to 
bricpiet it. It has been found unnecessary to j^rind the pbos])hate finer 
than that which will go through a sie\e ha\ing 15 meshes to the linear 
inch, although finer grinding aids somewhat in imjiarting greater re- 



loG. 50. — Small Briqiictliiift Press Used in Making up Furnace Charge. 

sisting power to the briquettes and probably accelerates .slightly the rate 
of the reactions in the furnace. 

The briquetting machine of semi-commercial size used in preparing 
the phos^Jiate charges for furnace treatment is illustrated in Figure 50. 

In Tables L and IJ are given the results of the shatter and com- 
pression tests on briquettes made from mixtures of relatively high-grade 
phosphate, sand, and coke, as well as those on briquettes made up of 



TABLE L 

Shatter Tests on Briqitettes Made from Natitral Phosphate Rock, 

Sand, and Coke 
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mixtures of two or more phosphates. The hriciuettes were made up 
with varying I)erccntages of moisture and the shatter and compression 
tests were applied not only to the freshly made hrujuettes hut also to 
the air-dried and oven-dried sam]>les. 

With few exceptions all of the hrifjuettes in the air-dried condition 
withstood a droj) on a cement lloor of from (> to S feet and a drop of 
20 feet or more upon a mass of other hric[uettes. 

Through the courtesy of two commercial firms, hriipietted charges 
of several tons were made up with the silica-lime ratio given in the 
])rcceding tables and ])rotracted tests made on a seniicommercial scale 
in a modified form of blast furnace which is described later. 

Effect of High Temperatures on Various Briquetted Mixtures. 

l"he results obtained in these larger scale ex])eriments indicated that 
the silica-lime ratio as w^ell as the carbon content of the hriciuetted 
charge might he advantageously altered to gi\e a somewhat more rapid 
evolution of jihosphoric acid without sacrificing the Iluidity of the slag. 
Accordingly a series of laboratory exjieriments was undertaken to de- 
termine the following ]>oints: (1) 11ie iiercentage of coke to incor- 
jiorate in the briquettes for oj^imum reducing effect ; (2) the optimum 
silica content re(|uired for the rapid elimination of jihosphoric acid and 
the ]>roduction of a tluid slag; (3) the most iiractical lem])erature to 
em])loy to effect the decomposition of the phosjdiate without undue 
erosion of the refractory lining of the furnace. 

Four batches of bri(|uettes were made u|> of run-of-mine phosphate 
from "J'ennessee mixed with sufficient san<l to give the following ratios 
of silica to lime in the charge — 5^): 41, 01 : 39, 03 : 37 and OS: 32. The 
amount of coke in the first batch of bricpiettes (having the lowest silica 
content ) varied between 12 and 15 per cent of the weight of the charge, 
and in certain briquettes bituminous coal was substituted for coke, this 
coal being added in sufficient quantity to suj)j)ly 10 ])er cent of fixed 
carbon to the mass. After a number of tests, however, it appeared 
that 14 jvcT cent of coke was ample to give the i)roi)er reducing reac- 
tion and this amount was used in the three other batches of bri(iuettes 
where higher ])roportions of silica were employed. 

In these exjK*riments the same type small injector gas furnace 
was used as that employed in the preliminary work where ])ure mixtures 
of tricalcium i)hosi)hate, silica and carbon were smelted, but in order 
to obtain somewhat higher tem])eratures than previously employed, the 
air for the combustion of gas was passed through a steel coil heated 
by two I* unsen burners. The air was thus preheated to a temperature 
of 250° C. 

The results of these experiments are shown in detail in Table LII. 
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The data given in the above table show that, on the whole, an 
increase in the silica content of these l)ri(inette(l mixtures resulted in a 
more rapid evolution of phos])horic acid, hut usually at the sacriiice 
of the fluidity of the slag. 

The ratios of silica to lime in the first and third batclu's of l)ri([uettes 
--namely, 59:41 and f)3: 37- -do not correspond to any delinite calcium 
silicates, hut the ])ro])ortions of these two ingredients ((>1:39 and 
68:3J) in the second and fourth hatches coincide closely to the ratios 
of silica to lime in calcium trisilicate (Ca^Si^Os) and calcium di-meta 
silicate (CaSi..()r,) res]>c‘ctively. 

Where the ju'oporlion of silica to lime was 59:41 (first hatcli of 
briquettes) it required from 40 to 50 minutes to dri\e off the ])hosj)hV)ric 
acid from the charge at a teni])eratuie of 1,0(K)" C. In every otJier 
instance, however (where Ihe silica content was higher), the nearly 
complete volatilization of jihosphoric acid was accomplished in from 
30 to 35 minutes. \v{ the slight increase in the lale of evolution of 
J\.()r, where the ])ro])ortion of silica to lime was raiscul above that in 
the second hatch of hrirjuettes ( ujimely, 0l : 39) w'as msuflicient to offset 
the disadv'antages of having a more viscous slag to taj) and a greater 
weight of charge to smelt. 

Another important ])oint brought riut hv these* c‘\])eriments is the 
])ossihility of Using bituminous coal as a reducing agi‘nt in the hriquett(‘s 
in lieu of coke. Not only was it found that the evolution of the volatile 
hydrocarbons which are given off in the ]>rehminar\ heating of siu h 
mixtures did not disintegrate or sj)lil the hiiejuettes hut that theie was 
an actual dejiosition of carbon (from tlu* decomposition of hydro- 
carbons) throughout the mass which seemed to aid in the suhsecjuent 
reduction of the jjhosjihate mineral. 

In the following chart (figure 51) the rate of volatilization of 
T\.()r, from briquettes of various comjiositioiis is graphiiallv illustrated 
by curves. 

The Larger Scale Experiments. 

With the exce])tion of a few ex])erinients conducted in the furnace 
shown in J^'igurc 49, ])ractically all of the larger scale w^ork on the 
volatilization of ])hosphoric acid from hricjuetted c'harges of ])hos|)hate 
rock, sand, and coke have been c(»nducted in furnaces having certain 
features of both the open-hearth and blast-furnace ty])es. While the 
dimensions of the furnace iirojier, the materials used for linings, and 
the character of the outer shell were altered from tim(‘ to time, the 
furnace plan throughout the exiieriments has been in a general way 
the same, llriefly, this furnace consisted of an elongated arched 
criu'ible, I2 feet in length, 2 feet in diameter, and 2 feet in height at 
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the crown of the arch. In the center of the arched roof of this cham- 
ber was a circular ojKMiinf’ leadinj^ ii]) into a shaft or chari»c chainher 
7 feet () inches in height and ha\ing the sha])e of the usual t\pe of hla.st 
furnace. The throat of the chainher wheie it discharged onto the 
furnace hearth was originally 12 inches in diameter, hut this was later 



I’K. .SI (iii\ts SlioNMiig Kail, of \ olatili/almn of IMiospliorii \ci(l fioni 
IliKliKltid Misturcs of IMiosjdiatc* Rotk, Sand, and Coke llavmj; \ anoiis 
lanu .Sdiea Ratios 


reduced to 10 inches This charge chamber widened out gradually until 
at the to]) of the bosh the internal dianulet w'as 2 feel. I'lom heie 
on the walls of the chambei tapered inwaidl\ until at the toj) of the 
shaft the opening was only 14 inches in diameter. This chamber held 
ai>])io\iniatel) 7(K) jiounds of briipietted charge. One foot fioin the 
toj) of the furnace .shaft w'as a Hue leading into a dust chamber, which 
in turn led to a main from which the gases entered the stoves. These 
stoves (four in number) were of the two ])ass ty])e and consisted of 
steel shells 4x 10 feet lined with Tire brick. The furnace was originally 
constructed (‘ulirely of lire brick, but after a number of ex])eriments 
it was found that the temperatures attained were so high (1500’ to 
1700° that it was desirable to rejilace them in part by carborundum 
brick. 

The furnace shaft and crucible weie steel jacketed and in the final 
installation they were water cooled. I'wo water cooled oil burners at 
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either end of the elongated crucible were employed to furnish the neces- 
sary fuel, and preheated air for its combustion was introduced at these 
same points, a positive pressure blower being used to deliver the air 
at a pressure of from 1 to 4 ix)unds \)cr scpiare inch through a 6-inch 
main. The molten slag was tapped from two water cooled cinder 
notches. 

From the stoves the burned gases containing P^Or, entered a 6-inch 
main and thence through a cooler into the lower header of a ('oltrell 
precipitator wdiich consisted of teira cotta tile jiijies 6 inches ih di- 
ameter and 14 feet long. Hie dischaigc electrodes in these i)i])es were 



Fi(, 52— (kntral \ lew of Fuel I'liod Furnact and \ii\iliarv Fqiiiimuiil Wluuiii 
the lorst Larj»c Scale i xpcnmcnls Wlil Conducted 


of 14 gauge monel metal wire to which were hung individual lead 
weights which in turn were fastened to a rigid grid to prevent oscilla- 
tions of the wires. 

Views of this plant and its auxiliary equipment are shown in 
Figures 52-55. 

Six tests lasting from 5]j to 70 hours (after the furnace had been 
brought up to the desired tempeiatiue) were conducted in this fuinacc 
and over 7 tons of briquettes smelted down to a molten slag. 

While some of these tests were far from satisfactory owing chiefly 
to mechanical difficulties, the results have demonstrated conclusively 
that it is feasible to drive off phosphoric acid nearly completely from 
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briquetted charges of phosphate rock, sand, and coke in large-scale 
operations by means of burning fuel. 

Volatilizations of l^Oo varying from 50 to 07 per cent were ob- 
tained and when operating conditions j)ermitted this was collected as 
strong phosphoric acid by means of the Cottrell electrical precipitator. 

It has also been shown that by the use of high-grade refractories 
and proper water-cooling devices a furnace can be constructed which 
will withstand the combined effects of siliceous slags and the high 
temperatures (1500” to 1050” C.) attained in this process. 



Fig. 53. — A Close View of the First Oil IUiriiinj» Furnace for the Volatilization 

of Phosphoric .A^cicl. 


Other pi-iints brought out by these experiments are the feasibility 
and advantages of having auxiliary equipment for heat regeneration 
and to make sure that only oxidized products are transmitted to the 
electrical precipitator where the phos])horic acid is collected. 

In this furnace, however, the relatively short shaft or charge cham- 
ber made it necessary to localize or concentrate the highest temix*rature 
upon the furnace hearth. During the last protracted test (of 70 hours), 
the impurities present in the oil frequently made it necessary to operate 
the burners at a rather high pressure caused a greater fuel consumption 
than was cither essential or desirable, since it resulted in a long tlame 
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which hiiincd well up in the shift c iusinj>[ the entire ch'iigc to soften 
mei settle elovin ii])on the he nth in i stminuid condition The lower 
lL\els of this Mscoiis si theiefoie weu not ivposed to the maximum 
tcm|Ki ituie foi a suflitunt time to dii\e olf the ])h()s])hoiK acid cither 
ripidlv oi ioni])letel\ In i fiiiniee of In^ei dinunsions with i higher 



1 If S4 C ttri 11 1 It etric il J itti) it it i id u t iii uiit W is i uimd I in 

shaft ind wluu nuuh itei in pussims iie eniploNcd (siieh as in 

the oielinan Mist fuinite) tiouhh n1 this kind is not eneounteied, 
since the cliiigt wink deseeiidin^ thnm^li the shift is cxiKised to the 
neeessii> high temjiei itui i s foi i considc i il)l> longei ])Ciiod thin is 
])ossil)k m i pi int of the si/e em])lo\cd m these exiieiiments 

1 oi the efficient woikmg of such i fuiniee it is also essential to 


7HI 1 oijfin/ iriow PROCf ss 
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cliniinaU the Uuildowns smh as au necessitated 1)\ the failuu' of the 
blowini; e(|uipnuiit I he i iti<» ol siiifue lu i to the \olinne of this 
fiiinaee was siuh lh.it ladiition losses weie fai inoie seiioiis than in 
a plant ol laij^a eai)<ieil\ 1 \en Hue tii.it ions in the ainoiint ol iii de- 



1 l( ( nltiell IVicipil itor ]*Ktiiu liken I \\e> Minutes ittei Cinient W is 

lliiovvn On 1 uniLs eif P() IJeini, tulle eleel 


lucied .lie .ipt to e.iuse the foiin.ilion ot seaHolds in the shatt which 
fill the 1 upset the ulation he tween the oil and the .in ie(|uned foi its 
eomhustion Ueeause of the sm.ill ehiinetei of the fuin.iee sh.ift, a 
scaffold often meant a eoni])lete hndj’inj’ o\ei of the ehait^e, which 
put an .added load on the hlowei to foiee the an thioug^h this juiti.illy 
fused mass While scaffolds also ioim at tunes in large blast turnaees, 
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the complete bridging over of the charge seldom occurs in normal 
operation, and if so may often he remedied by a momentary reduction 
in the air piessure.^'* 

Tliis ])tocess (somev^hat modified) is now lieing ttied out in a small 
commercial way liy tlie Victor C'hemical Works near Chicago, Illinois, 
but in \ iew of the fact that this concern has done much of the pioneer 
woik in its develo])nient, it does not care to ha\e its results generally 
known, tlie data therefore are not yet axailable for juildication. Suf- 
fice it to say that while a number of ])roblems arose in adajiting this 
jirocess to a commercial installation which were not encountereVl or 
foreseen in the exjKTimental unit at \ilmgton, \ a., the ultimate suacess 
of the fuel furnace method of pioducmg ])hos])horic aedd now selpms 
])ractically assui ed. 


Estimated Cost of Production. 

The cost of jnodiuing ])hos])hoiic acid and soluble phosjihates by 
the fuel furnace method must >et be to a large extent estimated since 
leiinements in the ]>iocess and the utilization of b\-])ioducts ha\e not 
been fully woiked out. \\ bile it is doubtful whether soluble for 

fertilizer ]>ur])oses can be ])rocluccd mote cheajily by tins piocess from 
high-grade phosjihate lock than by the sulfuiic acid method, by emjiloy- 
ing run-of-mine jihosphates and locating a jilaiit at or near the source 
of this raw mateiial the furnace piocess should ha\e a distinct ad\antage 
o\er the oldei method. 

During the tests just described, however, there were periods of from 
thiee to fi\e hours when the furnace a]>i)eared to ojierate cjuite e*fficiently, 
and if the data taken at such times are e'onsideied indicatne of normal 
working e'onditions, the cost of produediig j)hos])hoiic acid by this 
method ajijiears economically sutierior to that which is now almost 
universally emidoyed. 

Probably, if all the factors are considered, the fairest and at the 
same time some of the most favorable figures showing the ratio of oil 
consumed to the yield of product were obtained during the latter jiart 
of the 2()-hour test begun on October 8, P^20. I'he cost data given 
below therefore are largely based on these results, and while it is as- 
sumed that the operation be conducted on a larger scale in a furnace 
with an aveiage daily output of 30 tons of I’jOr,. the fuel consumption 
per ton of P^Or. produced is that actually determined in the last three 

"Johnson, J h , Jr, Tlic I’rincipUs, Operation, and J’roducls of the Blast 
Funidce, pp 348-349 (1918); Wilcox, 1\ IJ., Bui. 130, Bureau of Mines, pp. 
188, 250-252 (1917). 
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and a half hours of this test with the Arlin^on furnace. In Table LIII 
is j^iven the estimated cost of mine-run ]>hos])liate briquetted and ready 
for furnace treatment, in Talde U\’ the cost of ja-oducinj^ 1 ton (2,000 
pounds) of from this l^riqiietted cliar^e is shown, and in Table 

LV the cost of manufacturing available phos|)horic acid by treating; 
hif;jh-^rade washed ])hosphate rock with the li(|uid ]»hosph(»ric acid thus 
produced is f»iven. 


TAIU.R LIT I 

Quaniitiis AM) Ksttm\'iki) ('(isr or Mink-Kcn Puostiiatk and (’oke Brat 7E 
Ki‘01 ikH) I’KR Ton oi- I’jOr., and C'osi oi l*kic>CEni\o Tins Mixture for 
Fur n a( e T rk m m k>. r 


Charge and Its Manipulation for 
h\iniaee 'rreatment 


Cost — 

Quantity 

Per Tj)n of 
Material 

Per Ton of 
IM 1 b 

Mine-run pliosjiliale and sand 

Pounds 

10,542 



Mining 

10,542 

$0.75 

$3.53 

Drying 

10,542 

.25 

1.18 

Grinding 

.25 

1.18 

Coke hrai/e 

i.VYo 

5.00 

4.29 

(irinding 

1,710 

.50 

.40 

Mixing and l)ri<|uelting 

12,25« 

1.25 

7.00 

Total 


8.00 

18.24 


TAIUJ^: TTV 

Fs'iimatid Cost per Ton of ITiosphork' Acid (PjOc), 90 ITk Cent Yield, 
J*RODU(.KlJ liY SmELTINO l^RiyUEUlED CllARl.KS 01* MlNE-KuN PjlOSPIIATE 
IN AN Oil-JUtrmng Fuknaie 


Cost 

Items 

$18,24 

Labor of 18 men, at $5 per day 


Insurance 

7.20 

3.50 

Overhead expenses 

Total cost per ton 

.55 

Total co.st per unit 

1.82 



Items 


Hriquetlecl material 

Fuel oil, 300 gallons, at 2 cents 

per gallon 

Power 

Interest on $100,000, at 6 per 

cent 

Depreciation on $100,000, j 
per cent 


Cost 


$ 3.00 
.50 
1.50 


30.31 

.36 
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rxniT IV 

1 SUM MI I) ( osi 01 ()m 1o\oi \\\iiAiiii I’liosi nokT( Aiii)(Pj()6) 

IN nil 1 ()l M 01 I )oi Itl 1 Si 1 1 KI IIOSI II \ ||< m iuiMINC IIkIICiKM)] Piios 
IHMI- Roi K Wllll JSlOSl IlOKll ^ 111 ) OllIMNM) 11\ 1111 llll J I KN \( E 

Pkoti’Ss 




( ost— 

Itt m 

(Jinntit\ 

Per 1 on of 
M cite rial 

J*tr I on of 
Ihodijict 

Pliospli itt lock (wishtd) 

IM) in form ot SiS JU it id 

I »il)or .md powti 
llr\mtr 

1 ons 

0% 

* (>7 

$ ?S() 

V) u 
' 1 ?(l 
' 2S 

$ u\ 

24 

2 68 

S2 

Tot il tost j)t I t< n IM ) 

1 (»tal ( t)st pLi unit JM ) 



M) 08 

SI 


“ ] (jiiu iknt to 108 tons of II 1 * 1)4 (SS It ) 
‘ Cost inr ton of mitt ml li indltd 


TU c()m])aiinti tilt Imiius ^ucii in lahlts 1 1\ .ind 1 \ with tliosc in 
laliks \\\\ IJ t(i \1 i It will l)c seen that llu tslinultd tost pci 
ton (01 ]>ti unit) ol IM) piodiutd 1)\ tlu fuel fiiinatt nutliod is 
tonsidtiabh below that olitanud In tilhei tbt eleetni fuin.itt 01 sul 
fiiiK atid ]>i(Ktss If tbe atid thus jnodiutd lu ustd in tb( ininufat 
tuie of doublt acid pbos])hitt the etononn of this method ajiptais even 
molt niaiktd 


Chapter 8. 

Phosphate Baking Acids and Powders. 

Next to the fertilizer industry the most important and largest con- 
sumer of bone and phost)bate rock is the baking ])owder industry. 

^Jdic practice of using a leavening agent in order to ])r()duce the 
aeration or lightness so desirable in bread, cakes and [xistries dates back 
to the earliest times. It was known to the ICgyj)tians, handed down by 
them to the (irceks and from the (ireeks to the Romans.^ Both leavened 
and unleavened bread are mentioned in the Bible. 

The first leavening agent employed was some form of yeUvSt or 
ferment which acts on the carbohydrates in the tiour, producing alcohol 
and carbon dioxide. The latter fills the dough with innumerable little 
gas cells and when the bread is baked the gas in these cells expands, 
])uffing U[) the loaf and giving it the desired lightness and palatability. 

Later when the nature of carbon dioxide and the part it plays in 
the leavening process was better understood certain definite chemical 
compounds were .sub.stituted in part f(»r the living organisms (yeast) 
as means of generating carbonic acid. 

At one time (and even now to a limited extent) bicarbonate of soda 
(baking soda) .alone was commonly employed for baking purposes, 
the heat of the oven being dejicMided ution to decompose this salt into 
carbon dioxide and notmal sodium carbonate. ()n account of the 
.alkaline nature of the latter comiMiund, however, the yellow color of the 
resultant jiroduct, and the somewhat unpleasant taste which it imparts 
to the bre.ad,“ other tyiies of leavening agents were sought which would 
yield relatively tasteless products or actually add flavor to the bread. 

'fhere were finally evolved therefore what are now the modern 
baking ])owders which consist of dry mixtures of bicarbonate of soda 
with one or more chemic.al compounds cajj.ible of decomposing the 
former and releasing the full carbon dioxide content. Usually a filler 
or drying agent such as starch or flour is also added, the chief functions 
of which are to jirevent premature reaction between the soda and the 

‘Thorpe's Dictitmnry of Applied Chemistry, Vol. 1, p. 064 (1921). 

* Davis and Maveety state that sodiiiin bicarbonate added in tlie proportion of 
1.5 Ihs. per barrel of flour imparls no unplca.sant taste to the bake. See Ind. & 
Eng. Chem.. \'ol. 14, p. 210 (1922). 
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other ingredient and also to aid in the uniform distribution of rela- 
tively small quantities of the reacting materials. 

The following ingredients mixed with bicarbonate of soda have 
been employed with more or less success in the manufacture of baking 
powders : 

Tartaric acid and acid tartrates, sodium and ])otassium acid sul- 
fates, alum and the acid salts of i>hosphoric acid. In addition to these, 
limited quantities of carbonate and bicarbonate of ammonia are em- 
ployed by confectioners in baking certain ty])es of cake and i)a‘itries 
where the character of the finished product is such as to insurA the 
elimination of the ammonia. ' 

(jovernment regulations and the rigid specifications of the trade hl^ve 
made the baking iiowder industry one requiring both ex^x^rience r\nd 
skill. The product must lirst of all be j)ure and practically free from 
anything but the smallest traces of arsenic, lead, zinc, copi)er and 
fluorides. The average baking powder must aKo have such a character 
or baking strength that when the dough or batter is mixed and baked, 
carbon dioxide will be e\ol\ed at the optimum rate to insure the pro|>er 
cellular structure of the product. 

It is hardly within the scojie of the jiresent w^nk to discuss in detail 
the relative merits of the various baking acids and comjiounds. Mach 
has its merits and each has been criticized by the manufacturer of the 
other types in efforts to imne the suj)erior qualities and character of 
his own particular product. 

It must be admitted, how^e\er, that the use of acid ])liosj)hates as 
one of the active ingredients of baking jiowder and self-rising flour 
has constantly grown in fa\or until the annual consumption has reached 
surprising proportions,'* particularly wflien we consider what relati\ely 
small quantities are employed j)er pound of flour.^ 

The chief reasons for the great popularity of phosphate ix)wders 
are first their relative low* cost to the consumer and second because 
comixDunds of phosidiorus play an important ])art in the human diet 
and therefore when we incorporate small additional quantities in our 
bread, pastries, etc., we are adding nothing wfliich can be regarded as 
deleterious to health, but a j)roduct which is believed by certain investi- 
gators to contribute to the building up of bone and tissue.® 

* Because of tlie hi«hl> competitive iiatiiie of tliis business the manufacturers 
are loath to ^ive statistics on their piodiution but llie annual consumption is 
well over twenty-five million iiouiids. 

* 1.7 lbs. of monocalcium phosphate mixed with 1 5 lbs of sodium bicarbonate 
will lea\en 100 lbs. of floui 

•Hutchinson, I^'ood and Dietetics, (hap. 16 (1000). 
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There is, however, coiisicleralilc difference of opinion regarding the 
nutritive value of inorganic phosphates. Jago“ concludes that the 
balance of evidence is in favor of the view that ordinary diet contains 
more than a sufficiency of pliosphorus and therefore the amount pres- 
ent in bread is of but little (3r no conse(iuence. llolsli,'^ on the other 
hand, regards inorganic ])hosi)hates as cai)al)le of siipi)lying a large 
measure of the necessary phosphorus of the human body, and suggests 
that we recpiire phosphorus in the organic form for building up of 
brain and nerve tissue and as inorganic salts (phosphates) for the build- 
ing up of bone tissue. 

, J'our phosphate compounds, whether mixed with sodium bicarbonate 
alone or with other materials, have been em])loyed for baking pur])()ses, 
namely: Monocalciiim phosphate (C'ani( Monoi)otassiiim 

phosphate (KHoP()4),^ Monosodium ])hosphate (Nal )i ) and 
Sodium acid pyrophosphate ^7) • 

These comjxmnds when mixed with sodium bicarbonate and a filler 
or diluent such as flour or cornstarch constitute what are known as 
straight iihosphate baking powders. 

With the exception of sodium acid pyrojdiosphate these ])h()S])hates 
are fast acting baking acids — their reaction with sodium bicarbonate 
usually beginning ])romi)tly in the cold dough, and the final liberation 
of carbon dioxide being completed in the baking ])rocess. 

In order to produce slower acting baking ]X)wders the acid j)hos- 
])hale may be mixed with calcined sodium aluminum sulfate (Alj(S()4) 
NaoSOi) which acts but slightly on sodium bicarbonate in the cold, 
but reacts readily with this compound at elevated tem])cratures jiroduc- 
ing carbon dioxide, sodium sulfate and aluminum hydroxide. Much 
of the baking powder now on the market carries as its acid ingre- 
dients mixtures of monocalcium phosphate and sodium aluminum 
.sulfate. 

While there is considerable difference of o])inion regarding the 
reactifins taking place between sodium bicarbonate and the four acid 
phosphate salts mentioned above, these reactions may be stated in their 
simjdest form as follows: 

® The Technt)lu}.'y of r>u*:ulniakinf», p. .W) (1921). 

’ boc. cit. 

“Lcaveniiift Agents, p. 52. 
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Where a single base is present in a l)aking ]^ow<ler, as is the case 
with those containing monosodinm and sodinin acid pyro])hosphate 
(equations 3 and 4), the chemical reacticnis inv(»lved are fairly simple 
and prol)al)ly proceed as outlined in equations 3 and 4, hut where two 
bases are ])resent in a reactive mixture containing a primary ])]ios]>hatc 
(as is the case with monocalcinm ])hos])hate powders), the chemical 
changes involved arc more complex. 

Authorities therefore have held such different views regarding the 
reactions between monocalcinm phosphate and so(linm bicarbonate, and 
the composition of the end ])rodnct that great confiisiijn ])revails on 
this i)oint. 

Hart, for instance, writes the reaction between monocalcinm ])hos- 
phate and sodium bicarbonate as shown in efjnatioii (1 ) above. 

r»otb I.each'' and jago,“* however, consider that the end of the re- 
action ])roceeds no further than dicalcinm and disodinm i)hos]>hate. 
They write the reaction thus: 

('an,(r(),),+2NalU'(),-_-(‘(),-l-2n3) l-(alllH), h Na.HPO, 

Patten^' slates that the reaction betwern monocalcinm phosphate 
and sodinm bicarbonate always results in the formation of tricalcinm 
phosphate. \ny variation in the ]m)iM)rtion of sodinm bicarbonate 
produces a variation in the monosodinm and disodinm ]>hos])hate C(m- 
tent of the final ])rodnct. lie ex])resses these nvaclions by the two fol- 
lowing etjiiations : 

3Can,( Vi ),)., + 4Xa}K ( ), r- ( a .( P(), ), + 4\all + 

4('( K + 4II3) 

3t aHAlH),), + 8\alia).- Ca..(P(),), 4Na,n P()» 

St '( )., + SJ l.,( ) 

Davis and Maveety,’- after a long series of laboratory experiments, 
concluded tliat if a monocalcic ])owder contains a liberal excess of 
sodinm bicarbonate the resultant products are tricalcinm ])bos]>hate and 
disodinm phos])hate, otherwise a certain amount of dicalcic idiosphate 
will be present. 

Neutralizing Strength of Baking Acids. 

Monocalcinm jdiosphate as well as all either baking acids are largely 
sold on the basis of their neutralizing strength in terms of sodinm 
carbonate. 

“Food Inspection and Anafvsis, 4tli Fdilion, p. 349. 

Teclinolo^'y of nreadmakinj^, p. 357 (1921). 

“Assoc, of Official Aj»nc. C'hcniists, Vol. 2, p. 225 ( 1917). 

“Jour. Ind. it Ivng. Cliem., Vol. 14, p. 210 (1922). 
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Where a single base is present in a baking powder, as is the case 
with those containing monosodiiini and sodium acid pyrophosphate 
(equations 3 and 4), the chemical reactions involved are fairly simple 
and probably proceed as outlined in ecjuations 3 and 4, but where two 
bases are present in a reactive mixture containing a j>rimary phosphate 
(as is the case with monocalciimi jdiosphate powders), the chemical 
changes involved are more complex. 

Authorities therefore have held such different views regarding the 
reactions between monocalcium jdiosphate and sodium bicarbonate, and 
the conii)osition of the end product that great confusion prevails on 
this point. 

Jlart, for instance, writes the reaction between monocalcium phos- 
phate and sodium bicarbonate as shown in equation (1) above. 

Roth Leach** .and Jago,'‘* however, consider that the end of the re- 
.action proceeds no further than dicalcium and disodium phosph<ate. 
They write the reaction thus : 

CalUCIHX,), + 2NaH(Y), = CTL + 2HoO + CallPO, Na,HP 04 

Patten states that the reaction between monocalcium jdiosphatc 
and sodium bicarbonate always results in the formation of tricalcium 
phosphate. Any variation in the i)roj)ortion of sodium bicarbonate 
produces a variation in the monosodium and disodium phosphate con- 
tent of the final ])r()duct. He exi)resses these reactions by the two fol- 
lowing equations : 

3C aTl 4 (P()i), + 4NaHCX), = Ca,(P()i), + 4NalLPOi + 

4C:( L + 4II,() 

3CaI H ( PC ),) . + 8NaI T( '( L =11 C a. ( PC ) ,) , -f 4N aH 1 PO, + 

8CCL + ST1,() 

Davis and T\laveety,'“ after a long series of laboratory ex]>eriments, 
concluded that if a nionocalcic ])owder contains a lilKTal excess of 
sodium bicarbonate the resultant products are tricalcium phosi>hatc and 
disodium phosphate, otherwise a certain amount of dicalcic phosphate 
will be present. 

Neutralizing Strength of Baking Acids. 

!Mono('alcium phosiihate as well as all other baking acids are largely 
sold on the basis of their neutralizing strength in terms of sodium 
carbonate. 

•Food Inspection and Analysis, 4th Edition, p. 349. 

’•Technology of Breadmaking, p. 357 (1921). 

“Assoc, of Official Agric. Chemists, Vol. 2, p. 225 (1917). 

“Jour. Ind. & Eng. Chem., Vol. 14. p. 210 (1922). 
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The two general methods employed in determining the neutralizing 
strength of an acid phosphate are: 

(1) P>y titration with standard alkali solution. 

(2) J^y determination of the amount of CO 2 evolved on treating 
a definite weight of the phosphate with sodium bicarbonate. 

It has Ijecn clearly demonstrated that the results obtained by titra- 
tion vary, according to the method employed,^® and from what has been 
brought out l)y Patten^* and Davis & Maveety^® the quantity of | 0X^2 
evolved by a definite weight of monocalciuni phosphate is dependent to 
a considerable extent on the proportion o£ sodium bicarbonate aolcled. 
Lhidcr these conditions, therefore, it would appear that the valuation 
of a baking acid may vary considerably depending on the analytkal 
method employed and “be experience and skill of the manipulator. ' 

An indirect titrate .a method used by the Victor Chemical Works 
and recently described by Adler and Barber for determining the 
neutnilizing value of monocalcium phosphate appears to give results 
which are not only consistent but which are commensurate with those 
obtained in actual baking tests. The experiments from which this 
analytical method was developed have confirmed the work of previous 
investigation in showing that the reaction between monocalcium ]>hoS- 
phate and sodium bicarbonate goes beyond the dicalcium stage. While 
it is not within the scope of this book to present and discuss in detail 
all of the experimental evidence, the bulk of the work conducted, ])oints 
strongly to the fact that the end products resiilling from the use of 
monocalcium phosphate baking powders arc largely disodium and tri- 
calcium phosphates. 

If the reaction goes to an end, therefore, 100 ])arts of pure mono- 
calcium ])hosphatc will react completely with 88.89 |)arts of sodium 
bicarbonate without leaving any residual sodium carbonate. This is 
the reaction represented in equation ( 1 ) . 

Such a high neutralizing strength, however, is seldom if ever at- 
tained with commercial monocalcium phosphate unless free phosphoric 
acid is present. This free acid affects adversely the physical or 
mechanical condition of the product, causes the baking powder manu- 
factured therefrom to have poor keeping qualities and upsets its even 
action in the mixing and l)aking processes. 

Therefore, though the theoretical neutralizing strength of mono- 

“Wadman, J. Amer. Chein. Soc., Vol. 16. p. 333 (1894); Bailey, L. IL. J. 
Assoc. Official Apr. Chemists, Vol. 8, pp. 444 and 490 (1925). 

** Loc. cit. 

“Loc. cit. 

”A Study of the Determination of the Neutralizing Value of Monocalcium 
Phosphate Cereal Chemistry, Vol. II, p. 380 (1925). 



PHOSPHATE BAKING ACIDS AND POWDERS 263 


calcium phosphate (according to equation (1)) is 88.89, it is seldom 
desirable to manufacture a product with a neutralizing strength above 
80 to 82. Such a product contains as a rule enough dicalcium phosphate 
to insure the absence of free phosphoric acid with its attendant diffi- 
culties in drying and mixing and its probable premature reaction when 
mixed with sodium bicarbonate. 

In the preparation of baking powder from monocalcium phosphate 
or any other baking acid it is also highly important that little or no 
excess of sodium bicarbonate is present over that which will be acted 
u|X)n by the acid salt, since the heat of the oven will decompose this 
excess, producing normal sodium carbonate which, as previously stated, 
tends to give a yellow color and unpleasant taste to the baked product. 

Composition of Baking Powders and Effects of Residual Salts 

I'he proportions of the ingredients in various brands of baking 
powder differ considerably, l)ut the United States definition and 
Standard stipulates that they must yield not less than 12 per cent of 
available carbon dioxide. The majority of ])owders are made up so that 
the finished product will contain from 26 to 29 per cent of sodium bi- 
carbonate and sufficient of the acid ingredients to decompose the 
bicarbonate and yield from 14 to 15 per cent of carbon dioxide. The 
balance of the i)owder consists of cornstarch or some other suitable 
diluent. 

In the following graphic charts (Figures 56, 57), three of which 
were compiled by Dr. J. R. Chittick and published by the Jaques Manu- 
facturing Company of C'hicago, are shown the proportions of the vari- 
ous ingredients employed in several types of baking ix)wder and the 
composition and quantities of the products resulting from the chemical 
reactions involved. 

Since Dr. Chittick did not include a chart on a baking powder con- 
taining sodium acid pyrophosphate the fourth figure was drawn up by 
the writers along the same lines as the first three. 

All of the baking powders in the above figures are so proportioned 
that they will yield (theoretically) 14 per cent of carbondioxide, and 
while the weights of the acid ingredients and diluent vary, the actual 
weight of the sodium bicarbonate is the same in every instance. Of 
the straight phosphate jxjwders, that made up with monocalcium phos- 
phate requires the least, and that containing sodium acid pyrophosphate 
requires the greatest quantity of acid ingredient, but this latter acid has 
certain desirable properties which make it particularly suitable for cer- 
tain baking purposes. 

” Food Iiisj)cclion Decision No. 174, issued Feb. 26, 1918. 
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The effect of the inorg^anic salts resulting; from the interaction of 
sodium bicarbonate and the various baking acids on the properties of 
bread was the oT)ject of an investigation conducted by Smith and 
Bailey.^® 

This invesigation included the four following lines of research: 
(1) A study of the effect of these residual salts when mixed with 
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Fig. 56.— Diafirams Representing Keacli»ms Taking Place in Oven When Memo- 
sudiuin Phosidiate ami Monocalciinn JMiosphate Raking Powders Are Used. 


flour to form a dough and the glutens washed, (2)" The washing out t)f 
the gluten content of flour and then immersing it in the salt solution 
for 24 hours, (3) Determination of the hydrogen ion concentration of 
doughs and biscuit pre])ared with baking ]K)wders or residual salts, 
(4) Testing doughs so treated to determine their elasticity and ex- 
tensibility. 

“The Effect of Chemical LeavcniiiR Agents on the Properties of Bread, Jour. 
Amer. A .soc. of Cereal Chemists, Oct. (1923). 
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It was observed that of all the residual salts resulting? from the 
interaction of sodium bicarbonate and the bakiiij^ acids, disodium phos- 
])hate has the greatest effect on the gluten content of bread, tending to 
keep it from forming a tough, firm compact mass. In discussing the 
effect of this salt the writers state : 

certain measure of hydration of the gluten, such as is observed 



Fig. 57. — Diagrams l^cpre.sentinj? Rcaclioas Taking IMacc in Oven with Ph()sj)halc 
and Alum Baking T’owder and with a PowdtT Containing Sodium Acid Pyro- 
phosphate a.s its Acid Ingredient. 


in the use of this .salt, may be advantageous in imparting a degree of 
friability and shortness to liiscuit. In view, however, of the large pro- 
portion of the salt which re.sults from the use of monosoclium phos- 
phate powder with a 14 \)ct cent gas strength, the concentration of the 
residual salt may be too great.” 

This statement is interesting when considered in connection with 
powders containing sodium acid pyrophosphate. Jt is a disputed ques- 
tion whether the residual salt resulting from the interaction of sodium 
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acid pyro])h()sphate and sodium bicarlwnate is normal sodium pyro- 
phosphate (NajPoOy) or disodium phosphate (NaMllP 04 l 21 Lj 0 ). 
The fact that biscuit baked with this acid are plumper may be an indi- 
cation that a portion of the residual salt is in the form of sodium 
pyrophosphate which probably has less effect on the gluten content and 
the elasticity of the dough. 

Manufacture of Monocalcium Phosphate. 

The manufacture of monocalcium phosphate for baking powder put- 
poses would appear offhand to be a relatively simple procedure, but 
there are a number of details in the process which have l)een learned 
only by long and costly experience, and a knowledge or lack of knowl+ 
edge of these details may well mean the difference hetween ])rofit ana 
loss. ^Moreover, the high standards set by the state and Federal Food 
and Drug acts are such that only the purest of raw materials can be 
used in making the final product and the greatest care must be taken 
that no objectionable impurity or foreign matter is introduced during 
the processing or manipulation of these raw materials. So keen has 
the competition become in this industry that even the slighest discolora- 
tion of the product may seriously militate against its sale. 

The procedure employed in manufacturing monocalcium iihosphate 
differs considerably in detail dejicnding on the type of raw material 
employed and the quality and strength of the ])h()S])h()ric acid. 

^Icckstroth gives the following description of the manufacture of 
monocalcium phosphate : 

"‘The phosphoric acid now ready for the production of the acid 
salt is weighed and added slowly, under continual agitation to a weighed 
amount of the alkali or neutral salt and thoroughly mixed. As the 
reaction requires considerable time for completion, it is advisable to 
add a slight excess of acid and then give am])lc time for the reaction 
to go to completion and all the free acid to disappear. At least 24 to 
48 hours should be allowed for tliis ageing process to take place. After 
proi)cr ageing, the acid salt is dried at a temperature of ap])roximately 
85° C., preferably in a rotary or shelf vacuum dryer, until a product 
containing not over one per cent of moisture is 'obtained. A higher 
moisture content is detrimental b(Hh to tlie grinding or milling process 
and in the baking chemicals in which it is to be used. 

“The grinding of the acid salt is not a difficult operation. Under 
unfavorable weather conditions, considerable caking takes place, espe- 

“ Manufacture of Phosphoric Acid and Phosphates, Chem. & Met. Eng., Vol. 
26, No. 2, p. 79 (1922). 

^Uy neutral salt Meckstroth apparently means dicalcium phosphate. 
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tially in damp climates. The grinding is followed by the screening 
operation, in which the powdered and granular portions arc classified. 

“After the acid salt is properly granulated or powdered, it may be 
standardized to any strength desired by the addition of a neutral or 
inert substance, such as dicalcium phosphate or calcium sulfate, 'riie 
calcium sulfate cannot be classed as an inert substance and the present 
tendency is to eliminate the so-called sulfate jdiosphatc from the baking 
industry. The leading phosphate manufacturers arc taking the initia- 
tive and advising their customers to use only the full strength or the 
higher test pliosphate.” 

While it may be true thiit in manufacturing monocalcium phosphate 
from pure dicalcium phosphate the time factor is an imi)ortant one, 
the writers feel that Aleckstroth has laid undue stress on this point. 
It is certainly true that where certain calcium compounds and fairly 
concentrated phosj)horic acid arc employed the reaction takes place 
with great rapidity and is practically complete within a comparatively 
short period of time, provided of course, that care is taken to thoroughly 
mix the reacting ingredients. 

The following description of the manufacture of monocalcium 
phosphate is perhaps more nearly typical of the average modern ]>ractice. 

A batch of 500 pounds or more of hydrated lime or some other form 
of calcium is dumped into a mechanic«al mixing i>an and sufficient ])hos- 
phoric acid (50 to 55° Be.) is added to convert i)ractically all of the 
lime into monocalcium phosphate. While it is dcsiral)le to obtain an 
acid salt with as high a neutralizing strength as possible, care must 
be taken that no free phosphoric acid is present in the final i^roduct, 
as this will not only make it more difficult to dry but increase its tend- 
ency to deteriorate when mixed with sodium bicarbonate. 

The reaction which takes place is both energetic and rai)id and large 
quantities of water are evolved in the form of vapor. 

The stirring is continued until the mass sets u]). The material is 
then removed from the mixer and usually spread uiK)n a floor for 
further drying and to insure the completion of the reaction. This 
curing takes from 12 to 18 hours longer. 

The lumps of acid phosphate, not larger than a hickory nut, are in 
turn fed to a steam heated vacuum dryer where all but about one i)er 
cent of free moisture is driven ofif. The drying process must be very 
carefully conducted since overheating will cause reversion of the mono 
and a loss in its neutralizing strength. 

After drying, the material is milled and se])arated into various 
grades (according to fineness) by means of shaker or vibrating screens. 

Baking powders made from mixtures of extremely finely ground 
monocalcium phosphate and powdered or precipitated sodium bicar- 
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bonate do not keep so well even when moderately diluted with starch 
or flour. These very fine |x)wdcrs are termed baking creams and find 
their chief use in self-rising flour where they are uniformly distributed 
through such a mass of the diluent that they do not deteriorate before 
using. The use of self-rising flours containing acid phosphate has 
grown to large proi)ortions particularly in the Southern States where 
hot biscuits arc so universally consumed. 

High grade monocalcium phosphate for baking purposes should 
have the following average composition : 

Free phosphoric acid 

Monocalcium phosphate ( C'aH , f P( ), ) jl !„.( )) 

Dicalcium ])hosj)hatc (Calll’C liilljO) 

C'alcium sulfate 

Iron and aluminum phos]>hates 
Aloisture and insoluble 
Arsenic and lead (under Gov’t, allowance) 

In a recent patent issued to Wm. E. Stokes the inventor claims 
a method of producing high strength monocalcium jdiosphate free from 
dicalciuni phosphate and free phosphoric acid. 1 briefly the process 
consists in first passing the monocalcium phosphate (containing free 
HaTO,) through a vacuum drier and then mixing it with one-half as 
nTuch calcium carbonate as there is free jdiosphoric acid present. 

Straight ])hosphate baking powders arc usually made up of granu- 
lar materials to prevent premature reaction between the two main 
ingredients. Where monocalcium phos])hate is mixed with sodium 
aluminum sulfate it is not so important to have the idiosjdiate in granu- 
lar form and therefore such baking ])owders contain more finely 
divided material. 

The annual production of monocalcium ])hos])hate for baking powder 
purixjses is estimated at not less than 60,C)0(),000 lbs. or 3(),(X)0 short 
tons. 

Manufacture of Monosodium Phosphate and Sodium Acid 
Pyrophosphate. 

Monosodium ]>hos])hate is manufactured in a manner similar to that 
employed in i)roducing monf)calciuin i)hos])hale. For exam])le, sodium 
carbonate or some other com])ound of soda and phosphoric acid are 
thoroughly mixed and the product dried directly or crystallized. 

«U. S. Patent No. 1,538,910 (1925). 

” Ciranular mrniocalciimi i)liospli:ite is so prepared that all hut a trace will 
pass through an 80-mesh screen, but the hulk of it will be retained by a 200-mesh 
screen. 


= None 
= 85.5 to 90.0 
7.5 to 8.0 \ 

0.5 to 1.0 \ 

1.0 to 1.5 \ 

1.0 to 1.5 



PHOSPHATE BAKING ACIDS AND POWDERS 269 


Monosocliiim phosphate, however, is not an altogether satisfactory 
baking acid due to its hygrosco])icity and hence its poor keeping qual- 
ities when mixed with sodium hicarhonale unless sealed in airtight 
containers and used within a relatively short time after the i)ackage has 
been otxjned. 

Sodium acid pyroi)hos])liale, however, keeps far better than the acid 
salt of orthophosphoric acid, being nonhygroscojMC and less energetic 
in its action on sodium bicarbonate. It is what may be termed an even 
baking acid, reacting but slowly in the cold dough and thus reserving 
the greater ])ortion of its leavening power to be exerted during the actual 
baking process. 

This baking acid is manufactured by heating monosodium phosphate 
to a temperature ranging between 225° and 250° C. for a i>eriod of 
from 6 to 12 hours, when the following reaction takes place: 

2NaHoPCh + Heat - NaJTJV)^ + H.O 

If heated above 250° C\ sodium .acid pyrophosidiate loses a further 
(|uantity of water and is converted in part to sodium metaphost)hate, 
thus : 

Na,H,P,()7 2NarC)3 + HoO 

This latter compound has no acid properties and is of little or no 
commercial v.alue. Jt is highly essential, therefore, that the temperature 
to which monosodium phosphate is heated in order to produce the acid 
pyrophosphate be very closely controlled. 



Chapter 9. 

“The Use of Phosphates as Water Softeners and the 
Manufacture of Trisodium Phosphate.” 

Practically all natural waters contain to a greater or less extett 
impurities in susi)ension or in solution which lessen their value for 
certain industrial uses such as boiler feed water, city supi)lies of potable 
water, in laundering and for the textile and various other chemical 
industries. It is often necessary, therefore, to remove or alter the com- 
position of these detrimental impurities before such waters can be 
economically utilized. The proi)erty which certain dissolved salts impart 
to water is termed “hardness” and the methods of removing this prop- 
erty are generally known as water softening processes. 

The susixinded material can usually be remo\ed by simple filtration 
processes and so will not be further discussed, but the remo\al of the 
impurities in solution presents a more complex and difficult i)roblem. 
The most common of these impurities ^ are, magnesium sulfate, calcium 
sulfate, calcium and magnesium bicarbonates, calcium and magnesium 
chlorides, calcium and magnesium nitrates, sulfates of iron and alumi- 
num, and various alkali metal salts. In recent years the phosphates of 
soda — disodium and trisodium phosjJiate (j)articularly the latter) have 
assumed great j^rominence as water softening comixiunds. 

“The Softening of Boiler Feed Waters.” 

The most important problem from an economic stand|X)int is that 
of treating waters for use in steam boilers. Since in the production of 
steam only the volatile ])ortions of the feed water is utilized, any salts 
which enter the boiler as soluble impurities are left behind, and there 
is gradually formed a sediment crust or scale in thejiilies which reduces 
the efficiency of the boiler. 

These scales are of two general tyjies : the “soft” or carbonate scales 
and the “hard” or sulfate scales. Owing to the density and mechanical 
structure of these deposits they form excellent insulators ^ which pre- 

*Thc Purification of Boiler Peed Water, E. Brown, Chem. and Met. Eng., 13, 
pp 156-60 (1015). 

*Fiskc, E. W., I^niv. of Texas, Bull. No. 1752, p. 29 (1917), slates that whore 
the rate f)f evaporation is high, the ImkIv t»f the scale is dry or contains only 
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vent efficient heat transter from the fuel to the boiler water. Prof. 
Schmidt** of the University of Illinois in the following table (Table 
LVI) gives results showing the decrease in heat transfer efficiency of 
tubes coated with scales of different thicknesses and composition. 

TABLE LVI 


Loss OF EFKICIENtY IN IIeAT TRANSFER THROUGH BoiLER Si ALES OF DIFFERENT 
Tiiiiknkss and CA)M1\>S1T10N 


Character of Scale 

Thickness 

Composition 

Loss of 
h'fliciency 

Hard 

Inch 

Vjr, 

%5 

%(. 

Yio 

yi« 

Vio 

yi« 

Ml 

% 

Mostly carbonate 

ti 

Per Cent 

9 

Soft 

7 

Hard 

i( fi 

8 

Soft 

it ti 

8 

Hard 

Mostly sulphate 

tt t( 

9 


11 

Soft 

it it 

10 


Mostly carbonate 

it a 

11 

(1 

12 

Hard 

it it 

12 

Soft 

it it 

15 

Hard 

Mostly sulphate 

16 



Thus it can be seen that a great saving in fuel may be effected by 
the use of waters without scale forming proj^rties. 

Calcium and magnesium carbonates present in the water as bicar- 
bonates usually form a soft scale which is not difficult to remove, but 
when present as sulfates or mixtures of sulfates and carbonates the 
scale is hard (like a cemented mass) and clings tightly to the tube walls. 

The Use of Boiler Compounds. 

There are two general methods employed in softening water for 
boiler use, namely : that in which the scale forming compounds are 
removed before the water goes to the boiler, and that in which the 
water is softened after entering the boilers. The most suitable method 
to employ is dependent on the size and type of plant and on the compo- 
sition of the water as well as that of the boiler compound. 

There are many types of boiler compounds in use at the jiresent 
time. While most of these have as a base sodium carbonate or hydrate, 
the phosphates of soda play an important role in certain water softening 
preparations, not only because of their property of j>revcnting scale, 

superliealed dry steam, which condition approaches that of a dry pipe covering 
and thus forms an excellent heat insulator. 

■Boiler Water Treatment, Bur. of Mines Tech. Paper No. 21K (1919). 
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but also on account of their mechanical effect. Di- and trisodium phos- 
phates probal)ly react with the salts of calcium, magnesium and iron to 
form insoluble i)hosphatcs according to the following reactions : 

(1) 3C aC'(), + 2NaaP(), _ Ca.(l*ni). + 3Na,a). 

(2 ) 3AlgS ( ), + 2Na,l*( >4 = iMg^( I ^ )i ). + 3Na,S( ), 

(3) FeCL + NaaPUi VcVih + 3NaC 1 

(4) 3C allo(CO;02 + 2Na,F()4 = Ca^CPO^)-, + ONaiiCO," 

(5 ) C aTk(C 03 )o + Na.HrOi == C allP ()4 + 2NaIlC( V 

(6) CaSOi + Na,Hi*U4 = CaRPO^ + Na,SC)4 

The above phosphate precipitates are in a flocculent condition Wid 
do not settle out while the w^ater is in a state of ebullition. Their cun- 
ccnlration, however, increases as the water e\aiK)rates to form steam 
and new supplies of water are added to the boiler, so that it is neces- 
sary to remove this jirecijiitate from time to time. This is accomplished 
while steaming by “blowing off” at the surface of the water in the 
boiler, and by a bottom “blow off” if the water in the boiler is quiet. 
W'henever jiracticahle the sodium phosj)hates should be added and the 
jirecipitates removed before the w’ater enters the boiler, as this saves 
considerable trouble and prevents the waste of steam entailed in “blow- 
ing oflT” at frequent intervals. 

In addition to their chemical effect jihosjdiates of soda in w^ater 
softening compounds are said to reduce the objectionable projKTty of 
foaming caused by the presence of soluble salts in boiler waters. Tri- 
and disodium jihosphates are used in a large number of the patented “ 
boiler comiiounds. 

Eberbach j>roposes the use of a compound containing trisoilium 
phosphate (75 per cent) sulfate of ammonia (8 jier cent) and soda ash 
( 17 i^er cent). He states that in the jiresence of sodium carbonate the 
ammonium sulfate is rendered active and ini])arts to the phosphates a 
])eculiar affinity for the lime and magnesia in solution, causing them to 
preeijatate. Payne " suggests the use of a solution of trisodium ])hos- 
])hate with an excess of caustic soda, the latter compound being added 
in an amount only sufficient to preeijntate the carbonates in the water 
W'hile the trisodium jihosjdiate removes the t>ermanent hardness by pre- 
cipitating the sulfates and chlorides of magnesium and calcium. 

Mn reactions (4) and (5) the sodium bicarbonate (NallCOO formed, readily 
lireaks down on boiling into sodium carbonate (Na^iCOjJ, water and caibon 
dioxide (C(h), the carbon dioxide passing off with the steam 

® \ number of the more important P. S. Patents P S. Patents 1,001,935 
(1911) ; 1,002,603 (1911) . 1,078.655 (1913) ; 1.109,849 (1914) , 1,162,024 (1915) ; 
1,181,502 (1910); 1,247,833 (1917); 1.273.857 (1918); 1,278,435 (1918; ; 
1,333,393 (1920). 

•U. S. Patent 1,001,935 (1911). 

’U. S. Patent 1,002.003 (1911). 
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Ley ** and de Lriim ^ employ phosphate of soda as a reagent in pre- 
paring a water softener consisting of a com])lcx alkali silicate. 
Ihichner precijntatcs the soluble calcium and magnesium salts of hard 
water with disodiuni idiosjdiate. 1'he precipitation is said to he accel- 
erated hy the addition of borax and sodium or calcium carbonate. It 
is claimed that colloidal calcium and magnesium phosphates are first 
formed and that these are then precipitated hy the borates and car- 
bonates which are included in the softening compound. Barnes pro- 
duces a boiler comixmiid in a slowly soluble cake from IS parts sodium 
amalgam, 10 jjarts tannin, 10 ])arts kerosene (with the addition of suffi- 
cient whale oil or seal oil to emulsify the kerosene), 15 parts of sodium 
hydroxide, 25 [>arts of dextrin, 15 parts of trisodium phosphate, and 
10 ])arts of water. 'J'he trisodium phosphate is added for the purpose 
of neutralizing the corrosi\e action of the feed waters. 

IJeller ])roposes to soften hard water for boiler use hy treating 
it with disodium ]>hos])hate at a boiling temperature. He claims an 
advantage is gained hy first boiling the water to remove a large part 
of the tem])orary hardness and then adding the phosphate. 

CamphelP * mixes 16 ])arts sodium carbonate, 3 parts lime, 3 parts 
sodium silicate, 4 parts caustic s(>da, 4 parts sodium bichromate, and 
2 i)arts of trisodiuin ])hos])hate, and presses into a hard brick or into 
]X‘rforated tin cylinders. These bricks or cylinders he suspends in the 
Innler, and the slow solution of this material causes an even distribution 
of the softening agent throughout the boiler. 

ICdser and Tucker propose to ])recipitate the soluble salts which 
cause hardness with di- or trisodiuin phosphate and then adding a 
soluble soap and agitating to cause a froth which will hold the pre- 
cipitated salts in suspension. This froth may be removed by overflow 
or otherwise. 

One of the chemical ])reparations which is said to be quite suc- 
cessful is that known as the “Navy Standard Boiler Compound,”’® 
which was devclo])ed by V. Lyon, Lieutenant ('ommander, II. S. Navy. 
This i>roduct consists of a mixture of 76 per cent anhydrous sodium 
carbonate (NaoCCL), 10 per cent trisodiuin phosphate (Na^POt — 
121Jy()), 1 ])er cent dextrin or starch, sufficient cutch to yield at least 

•IT. .S. ratcnt 1,1(H),«40 (h)14). 

“CJcr. Patent 274,05(1 (1012). 

S. Patent 1,102,024 (1915). 

”U. .S. Patent 1,181,502 (1910). 

“U. S. I’atents 1,247.853 (1917) and 1,273,857 (1918). 

“U. S. Patent 1,278,435 (1918). 

.S. Patent 1,333,393 (1920). 

A Novel Method of IlandliiiR Boilers to Prevent Corrosion and .Scale. A. 
II. Babcock, J. Am. Soc. Mech. Kngr.s., 38, pp. 529-38 (1910). 

”A substance obtained from the bark of mangrove trees. 
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2 per cent of tannic acid, and water to make up to 100 per cent. The 
sodium carbonate takes care of any chemical reactions, and gives an 
alkaline solution which is noncorrosive. The tannic acid and starch by 
holding the impurities in susi)ension in a colloidal state prevent the 
formation of scale, llabcock states that one of the functions of the 
trisodium phosphate is to jirevent the increase in surface tension of the 
boiler water, and the consequent “priming” caused by the concentra- 
tion of the impurities and by the addition of the other ingredients in 
the comiX)und.^® 

In order to test the efficiency of this jiroduct it was tried out atj one 
of the power plants in California, where it was added to the water used 
in twelve 645 horsepower water tube boilers. Ikibcock stales that 
the cost of this treatment was only $tS0.tK) per month and during \the 
first 2 months the number of boiler tubes rejilaced was decreased from 
171 j)er month to zero and the exjiense for labor and material reducW 
from $10,000 to $1,200 i>er annum. 

The Softening of Laundry Waters, 

Large quantities of water are daily used in the laundries of this 
country, and while the impurities are often the same as found in boiler 
feed waters, the removal is for an entirely different jmrjxise. In boilers 
the conservation of heat is of prime importance, whereas in the laun- 
dries the saving of soaji and prevention of stains in the cloth are the 
main objects sought. ^J1ie most plentiful and objcctionalile of the salts 
present in hard waters are lime and magnesium compounds which 
react with the cleansing reagents to form precipitates (“curds”) which 
deposit on the cloth, shortening its life and causing streaks and stains. 
Iron and manganese compounds also produce stains which are difficult 
to remove. It is desirable, therefore, to remove those salts which form 
precipitates before the addition of the soap and one of the compounds 
which has been found useful for this purpose is trisodium phosphate. 
The saving in soaj) which may be effected by reducing the “hardness” 
of the water is shown in the following table.-^ 

In addition to an average saving of 06 tier cent in the soap con- 
sumed, the use of these softened waters resulted in a reduction of 74 
per cent of the soda and 36 per cent of the water ordinarily required. 

” Idem. 

“The ejection of watci from the boiler along with the steam 

“It IS slated by S 1'. Powill that a concentration of 200 to 300 grains of 
sodium sulphate per gallon will unquesliondbly cause priming. (S. T. J*owell, 
Purification of Waters for Industrial Lsc, J. Am Water Works Asso , 10, p. 
28 0923) ) 

“Loc. cit. 

” Powell, S. T., Purification of Water for Industrial Use, J. Am Water Works 
Assoc., 10, p. 31 (1923). 
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TABLE LVII 

Saving of Soap Effected by Laundries Using Softening Processes 


1 

Name and Location of Laundry 

1 

Hardness 

Quantity of Soap 
Used (Lbs.) 

Saving of 
Soap 

Without 

Softening 

i After 
Softening 


(irains 





per Gal. 



Per Cent 

Snow White Laundry, Wilmington, Del. 


400 

150 

62 

City Star Laundry, Harrisburg, l*a 

5 

772 

318 

59 

American Laundry, (irand Rapids, Mich. 

7 

972 

35() 

64 

Walker’s Laundry, Niagara Kails, N. 

7 

m 

96 

76 

Yale Laundry, Washington, D. C 

7 

021 

255 

59 

Kennedy Laundry, Chicago, 111 

8 

1,872 

671 

64 

Glean Palace Laundry, Glean, N. Y 

9 

170 

48 

72 

Westminster Laundry, St. Louis, Mo.... 

9 

7S0 

250 

66 

C.'iscadc Laundry, Great Falls, M<in 

10 

580 

LS3 

73 

Imperial Laundry, Albuquerque, N. M... 

10 

800 

132 

83 

Crown Laundry, Indianapolis, Ind 

19 

954 

502 

47 

Perfection Laundry, Springfield, O 

20 

682 

224 

67 

Average 




66 


Waters used in the textile and paper industries must meet very much 
the same requirements as those used for laundering purj)oscs. 

In the tanning industry the water must he fairly free from salts 
of calcium and magnesium, since these com])r)unds precipitate large 
quantities of the dyestuffs, oils, waxes and fats present in the tanning 
material. 

Various methods of softening water used in other chemical indus- 
tries arc ])ractice(h de])ending upon the nature and cc)mi)osition of 
products sought. 

The Use of Phosphoric Acid in Softening Potable Waters. 

rhos])horic acid has been employed on a large scale at the Columbus 
softening and ])urification works in order to ])roduce a fully carbon- 
ated water and remove any residual causticity caused by the use of the 
lime-softening process. 

The treatment of carbonated waters with lime cause the precipitation 
of the bulk of the carbonates, but water so softened carries certain 
quantities of these relatively insoluble carbonates in susi^ension or in 
colloidal solution. The subsequent deixDsition of these normal car- 
bonates as incrustations on the sand grains of the filters causes a 

” TToover, C. P., The Use of Phosphoric Acid in Water SoftcMiiiiR, Eng. News 
Record, 86, p. 81 (1921). 
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material reduction in the efficiency of the filter beds. In order to pre- 
vent the formation of such incrustations it was deemed necessary to 
use s(nne other method of treatment after the water had been softened 
with lime. 

Jly addinj^ ])lios])horic acid at the rate of 0.7 jj^rains per gallon of 
softened water any excess alkalinity is removed, one-half of the normal 
carbonates jiresent arc converted into insoluble phosphates, and the 
liberated carbon dioxide combines with the remaining carbonates to 
produce bicarboiiates. 1'hus the residual hardness of the lime softened 
water is materially reduced and the efficiency of the sand in thc| filter 
bed is maintained. \ 

l’hos])horic acid or acid ])hosphate may also be used to treat sewage 
sludge,^’-* decom])osing the soaps and carbonates jircsent, or causing a 
llocculent precipitate of dicalcium ])hos])hate which coagulates \and 
carries down the soliil or suspended matter, much of which conti^ins 
nitrogen. 'I1ie settled residue may be dried and used as a fertilizer 
material. However, \ery little has actually l)een done in a commercial 
way along this line. 

“The Manufacture of Trisodium Phosphate.” 

Trisodium phosphate is by far the most imfX)rtant compound or 
phosphoric acid used as a water softener and detergent. In recent years 
its consumption has grown to large proportions since it possesses a 
number of i)hysical and chemical pro])erties which make it ])articularly 
well adapted to laundry and household use. 

This comi)ound as manufactured in a commercial way is a dry 
crystalline product easy to handle and shij), has a low causticity, is 
readily soluble in both hot and cold water and is \ery efficient in throw- 
ing out of solution salts of lime, magnesium, iron and aluminum. 

The manufacture of trisodium i)hos])hate is now conducted on an 
extensive scale and though the reactions involved are relatively simple, 
ex])erience and skill are reejuired in order to obtain a in'oduct which 
will meet satisfactorily the s])ecifications required by the trade. More- 
over, since this business has become a highly comjietitive one and the 
producer must work on a rather narrow margin of profit, it is neces- 
sary to use the best and most uj)-to-date mechanical equipment in order 
to reduce the labor and handling charges to a minimum. 

Since the third atom of hydrogen in jihosphoric acid cannot be re- 
placed by the sodium in soda ash, the chemical reactions involved in 

'*■* AfcMurtric, W., Disposal of Sewage with Recovery of Klements of Plant 
Food for Use iii Agnciiltuie, J. Ind loig. ('hem, 5, 156-9 (1913) ; T. K. Irwin, 
Hntish Patent 13,235 (1914); J. W. Phillips, U. S. I‘atcnts 1,284,441 and 
1,284,442 (1918). 
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the manufacture of trisodiuin phosphate must be carried out in two 
stages. 

(1) The production of disodimn phosidiatc by the action of phos- 
phoric acid on a solution of soda ash thus ; 

(a) Na.CO:, + NaJIPO, + Ci )., + TLO. 

(2) The production of trisodium ])hosphate by treating the solution 
of disodiuin phosi)hate with socliiiin hydroxide thus : 

(a) NaJlT’O, + NaOIl =:r NaJ’O^ + IPO. 

The i)rocess is carried out in a general way as follows: 

Idle solution of soda ash (along with the mother liquor from a 
jirevious l)atch of trisodium jdiosphale) is run into large steel lined 
tanks fitted with mechanical stirrers and having steam coils to keep the 
solution at boiling tcmiierature. Siiflficient strong tihosphoric acid is 
then added to ])roduce a solution of disodium phosphate which is 
])umped to a filler jiress to remove certain tirecipitated impurities. The 
cake in the filter press is then washed and the wash water used to help 
dissolve the next batch of soda ash. 

The clear solution of disodium phosi>hate is then punqwd into 
aiKither mixing vat similar to those employed in the first ste]) and a 
sufficient quantity of a strong solution of caustic soda added to produce 
a saturated solution of trisodium jihosjihate. This hot solution is also 
passed through a fdter press and is then either run into crystallizing 
tanks or through a mechanical crystallizer where it is cooled. During 
the cording ojieration most of the trisodium phosphate drops out in the 
form of iK'cdlelike crystals containing 12 nioiecules of water of crystal- 
lization (Na.;rOil2ILO). 

These crystals are drained and then shoveled into a centrifuge, 
washed, with a small (luantity of water to remove the mother liquor 
and whirled till ihvy contain less than 10 i)er cent of free moisture. 
'J'hey are then discharged into a hopper and fed to a rotary drier and 
dried at a temi)erature insufficient to drive off the water of crys- 
tallization.'*^^ 

The j>roduct is then cooled to ])revent suhsequent caking, discharged 
into the boot of an elevator and either carried to a storage bin or run 
over screens to sei>arate the fines from the coarse crystals. 1'he one 
or more grades of crystals are then packed in barrels, kegs, or sacks for 
the market. 

The mother liquor from the drained crystals .as well as that from 
the wringer goes back into the system in making up new charges^ The 
cycle being repeated until this liquor is too impure for use. 

** Since Na3PD4.12IT20 dissolves in its own water of crystallization at 70 
degrees C. great care must be exercised in drying the product. 
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A flow sheet showing the main steps in the manufacture of trisodium 
phosphate is given in Figure 58. 

A recent patent issued to L. D. Mathias describes methods of 
manufacturing a product which can be used as a combined germicide 
and cleansing agent. The material seems to offer considerable promise, 
and should meet a need where both an antiseptic and detergent are now 
required. 



According to the inventor, this ])ro(luct whuh has most of the i)rop- 
erties of trisodium phosphate, but contains in addition from 1 to 3 per 
tent of available chlorine may be mannf.ictured m a numlier of ways: 
(1) I5y adding sodium hydroxide and sodium hyiiochloritc to a satu- 
rated solution of disodium phosphate. (2) J^y adding to a saturated 
solution of trisodium phosphate, from 2 to 10 per cent of sodium 
hydroxide and then passing chlorine gas slowly into the solution while 
maintaining the teinjicratuie at 50° C\ 

Since only from two-thirds to three-fourths of this compound crys- 
tallizes out on cooling the solution, the mother liquor may again be 
brought up to the desired composition by the addition of sodium phos- 
phate, sodium hydroxide, and sodium hypochlorite or chlorine gas. 

The final product is a colorless cr>slalline mass, which if properly 
prepared can be di ied and kept for a long jK*riod of time with little or 
no loss of its chloiine content. 

Np accurate figures are available showing the production of tri- 
sodium phosphate, but a conservative estimate of the annual output is 
40,000,000 lbs. or 20,000 short tons. 

*U. S. Patent No. 1,555,474 (1925). 




Chapter lo. 

Miscellaneous Uses of Phosphoric Acid. 

“Piiospiif)Ki(: Acid as a Rust Proofing Agent/’ 

The prevention of the corrosion of iron and steel surfaces exposed 
to abnormal or even ordinary oxidizing conditions is a problem on which 
much time and careful research has been spent. The importance of 
having rust proof coalings which ixinetrate or molccularly l)ond them- 
selves to metal surfaces and hence arc not subject to deterioration from 
contraction and expansion was early recognized, and a number of 
processes based on the formation of oxide, sulfide or metallic films' have 
been tried with more or less success. Many of these jirocesses, how- 
ever are either so costly or uncertain ^ that they cannot be successfully 
employed for general use and therefore the development of the phos- 
phate or “Parker Process” has been a real boon to the manufacturer of 
steel products. 

Principle on Which Phosphoric Acid Rust Proofing is Based. 

The use of phosphoric acid as a rust proofing agent was proi)oscd 
by Coslett in 1907, and this process (while later modified and con- 
siderably improved) contains the fundamental principle on which the 
more uji-to-date methods are ba.sed. 

The original C oslett jirocess was based on the fact that jihosphoric 
acid solutions will dissolve ferrous ])hosi)hatc within certain definite 
limits in direct projxirtion to the concentration of the acid present. The 
addition of any metal base such as iron or .steel which is capable of 
entering into combination with the free acid present in such solutions 
(which are already practically saturated with iron phosphate) results 
in the precipitation of ferrous phosphate on the metal surface at the 
point of solution. The reaction takes place with the evolution of hy- 
drogen until the metal surface is coated with a basic iron phos])hate. 

As develojK'd on a commercial scale, Coslett’s process consisted in 
mixing iron filings with concentrated phosphoric acid until a thin pasta 
of ferrous phosphate was obtained. This paste was then addedV) weak 

‘Whittier, \i. S., Black Finishes on Iron and Steel, Metal Industry, Vol. 16, 
p. 509 (1918). 
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boiling j)hosphoric acid and the iron or steel articles on which it was 
desired to deposit the rust proof coating were immersed in this solution 
for three or four hours. They were then removed, cleaned, dried and 
oiled. 

Unfortunately considerable difficulty was encountered in obtaining 
uniform coatings hy this j)r()cess. Much of the salt susi)ended in the 
solution adhered loosely to the metal and in some instances incorporated 
itself with the rust proof coaling, increasing the dimensions of the 
articles, which in the case of machined work is very objectionable. 

It was therefore necessary to modify this process to take car^ of 
these troublesome features. 

Development of the Parker Process. 

According to FA'kelmann,- Messrs. Allen and Richards were maii\ly 
responsible for modifying this ])rocess so as to rendei it one of the 
sim])lest and cheaiK\st rust ])roofing methods known. Tlieir ])atenled 
modification as now practiced is known as “J*aikeri/ing.” 

The Parker method was graduall} (le\ eloped fiom a numher of 
patented jirocesses in\enled by Richards and Allen. Most of these 
processes include the use of an oxidizing agent. 

The first of these jiatents issued to Richards^ in P)13, consists of a 
rust proofing solution containing the following ingrcdu*nls : 

Concentrated i)hos])horic acid 0 5 gallon 
Manganese dioxide 3.0 ijounds 

Water liO.O gallons 

It is claimed that by heating this solution to the boiling point and 
immersing iron or steel articles therein, a rust jiroof coating is formed 
over the metal surfaces. 

In another jiatent issued to Mien in 1017, the iiivimtor claims that 
rUvSt jiroof coatings may be formed on iron and steel articles by expos- 
ing them for one or tw'o hours to fumes of lb()r, cont;iining water 
vapor. The metal articles being constantly tumbled or mo\ed about 

*Phosphatic Coatings foi Kust l*ioofing Iron .ind Sled, (. hem. and Met hug., 
Vol. 21, p. 7K7 (Vm). 

® Morrow, k. C, Parkeii/iiig \ Rnsl Piooling Process, \imrican Machinist, 
Vol. 57, pp. 3hl-304 ( P>22 ) , Paikei Rust Piooling Piotcss, (hem and Met. 
Eng., Vol. 18, pp 264-7 (Pll8), I ikCmann, Parktn/ing, a C omhined Rust 
Proofing and Finishing Process, R.iw Malt i i.ds, \'ol 5, pp. 4.S8-y (1922); 
Whittier, K. S, Black Fnnsh< s on lion and Sletl, Metal Ind, Mol. 16, p. 509 
( 1918 ) ;^*\Vhittier, E. S., Rust Th(K)fing of lion and Steel, Met. Ind., Vol. 17, 
p 79 (1919). 

S. Patent 1,069,903 (1913). 

S. Patent 1,248,053 (1917). 
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to insure ihiil the acid vapors come into contact with all parts of the 
metal surfaces. 

In a later patent, Allen describes a rust ])rc)orinjj; stock solution 
consisting of ])hosi)horic acid and sodium dichroniatc mixed with water 
in the following proportions : 

TMiosjdioric acid ( 75 |>cr cent) — 66.60 ix)unds 
Sodium dichroinate =: 0.78 “ 

Water = 100.00 “ 

This stock solution is diluted with water (till 100 cc. neutralize 
150 cc. of N/10 potassium hydroxide) heated to the boiling point, and 
the iron or steel articles immersed therein for a jx'riod of two hours. 
l*otassium or sodium permanganate may be substituted for .sodium 
dichromate if desired. 

lly adding a small qiianlity of zinc, either as the metal, oxide, or 
phos])liate, to a bath containing phosphoric acid and an oxidizing agent, 
Allen claims that a darker and more resistant rust ])rof coating is 
formed on iron and steel than in baths free from zinc conquumds. The 
proportions of zinc and manganese dioxide em])loyed may be varied 
between rather wide limits, but the preferred pro|K)rtions made up into 
a very dilute solution are as follows : 

I'liosplioHc acid 50 parts 

Manganese dioxide 14 “ 

Zinc 0.14 to 1.4 parts 

7n the final development of the “T’arker Process” or ‘‘Parkerizing” 
as practised to-day, the old Coslett solution as described on ])age 270 
is altered by adding an oxidizing agent such as manganese dioxide to 
a 0.75 jxT cent solution of phosjdioric acid containing ferrous phosphate. 
This latter salt is thus partially oxidized to the ferric condition by con- 
tinual agitation and boiling. The correct ratio between the ferrous 
and ferric salts being 3 of the former to 1 of the latter. Morrow® 
states that the rust proofing solution contains a total of only 1 per cent 
of iron, manganese and jihosphoric acid. 

The coating formed on the metal surfaces by such a solution is a 
basic ferroso— ferric phosphate of somewhat indefinite comjxxsition, 
but the principle of its dejiosition is the same as in the original C'oslett 
process. During the oxidation process some manganese ])bosi)hate is 
formed, which it is .said also possesses rust proofing ])ro]>erties. 


S. I’alciit 1.287,605 (1918). 
’Ll. S. Patent 1,291,352 (1919). 
*Loc. cit. 
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Nature of Phosphatic Coating. 

The coating formed in the Parker process is of a uniform dark gray 
color, varying in intensity of shade according to the surfacing treatment 
which the metal has previously received, such as sand blasting, tumbling, 
rubbing, etc. This coating is practically a constituent part of, or molecu- 
larly bonded to the metal and therefore cannot peel or be removed 
except by actual abrasion. 

Upon close examination through a glass, the surface of the metal 
thus treated is found to be meshed with microscopic etching, whidi is 
said to form an excellent base for special finishes of enamel, paint or 
lacquer. Moreover, it is claimed that usually only one coat of auch 
material need be applied to “J’arkerized*’ surfaces.® Ordinarily \thc 
processed materials when dry arc dipped in a mixture of paraffin qnd 
oil, which changes the color of the coating from dark gray to a d^p 
black. 

The development of this process has made it possible to substitute 
iron and steel parts in machinery and eciuipmcnt wdiere formerly only 
coj)per, brass or some other metal resist«ant to corrosion could be used. 

While this ])rocess is jiarticulaily applicable to automobile bodies 
and parts, ordnance, t) jiewriters, etc., it is claimed that it can be suc- 
cessfully employed in treating machined work, sharp edged tools, dental 
needles, and other highly sharpened and tempered objects, without 
injuring or afTccting their physical ])ro])cities. Morrow^® states that 
the amount of building up on surfaces submitted to this treatment ranges 
from zero to less than 0.0003 inch. 

Another advantage claimed for this rust proofing ]>rocess is that 
the pores of the metal become filled with the phosjihalic coating, and 
thus sometimes i)oor castings which might otherwise ha\e to he dis- 
carded may be rendered tight and usable by submitting them to this 
rust jiroofing treatment. 

Operation of the Process. 

The following description of the method in which the rust jiroofing 
of iron and steel is carried out on a commercial scale is taken from 
the article of Eckelmann previously referred to. " 

“The iron or steel articles are freed from oil and grease by immer- 
sion for about twenty minutes m a solution of caustic soda or some 
patent cleaner — some of these cleaners easily removing mineral oils. 
Cleaniij^y solutions should be over 200° F. for best results. The work 

*(ininj^ Mttdls a Rust ProofiiiK Trcalimnt, Iron Age, Vol. 99, p .S87 (1917) 

I’diktiuing — A Rust Proofing I’roccss, Amcr. Mdtlniiisl, Vol. 57, p. 3()1 
(1922). 
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is now thorougniy rinsed in hot or boiling water, to dissolve any soaps 
formed in the cleaner, and when free of alkali passed into a 5 per cent 
H2SO4 pickle containing 1 ounce sodium bisulfite per gallon. The de- 
composition of this salt will lil)erate SOo and if the pickling solution 
is kept below 150° F., the SO2 will be retained in sufficient quantity 
to act upon the work being cleaned. Black scale often present on iron, 
mainly Fe:,04, is quite insoluble, and can only be removed by excessive 
pickling, which is destructive to assembled or riveted work. The dis- 
solved SO2 will partly reduce the black scale to lower oxides, conse- 
quently facilitating solution and cleaning the metallic surfaces. When 
clean, which requires about 20 minutes, the work is again thoroughly 
rinsed in boiling water, to remove all acid and iron sulfates, then dried, 
sand tumbled or rubbed, and passed into the ])hosphate tank. 

*Tt is essential at this point that all articles be free from any adher- 
ing sulfates, as this radical is harmful to the phosphate solution. Some 
will always remain on the work, particularly when many parts are 
massed and treated together, and the last traces must be removed by 
rubbing or tumbling with sand. Sulfates not only affect the action of 
the rust-proofing solution but cause the formation of a rough, glistening 
coating. This is a coarse crystalline phosphate of iron, apparently 
growing from nuclei at jxiints previously covered with sulfates. The 
size of the surface crystals seems to depend not only on the amount 
of metallic sulfate present, but upon unequal acidity over the surfaces 
of the object treated, 

‘'The writer has been able to eliminate the troublesome sanding 

0] >eration in certain cavSes where the objects were of a sha]>e i)ermitting 
easy draining. After leaving the ])icklc the parts were immersed in lime- 
water, and the prccij)itatcd calcium sulfate removed by agitation in a 
hot-water rinse. When this procedure is ])ossible much time can be 
saved. It is a i)oint where further development is ix)ssible, and a closer 
study of the effect of the different pickling acids on the processing solu- 
tion and finish is necessary. 

“When metal is free from rust or scale, it can be sent to the phos- 
phoric tank immediately after removing the grease and oil if a sand rub 

1) e substituted for the pickle. Clean, newly machined ixirts and stamp- 
ings can be treated this way, the oil being removed with an organic 
solvent such as carbon tetrachloride. I'^nless the i)revious treatment 
of the steel or iron is known, this last procedure is not recommended. 

“When clean the work is transferred from the wooden crates used 
for pickling to steel baskets used in the rust-proofing bath. \Mien the 
sulfates arc removed by limewatcr the time consumed in tirf^isf erring 
the articles can be saved by using lead coated baskets of the largest 
possible mesh. 
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“Prucessinjj^ solution is made by mixing the phosphoric acid-iron 
phos])hatc mixture (sold under the trade name ‘llyroacid’) and man- 
ganese dioxide in the i)roiK)rtions of 4 i)ints acid and 2 pounds Mn02 
to each gallon of water, thoroughly mixing and boiling. Prolonged 
boiling for 12 hours is necessary when the solution is first made up, 
to insure the correlation of the dillerenl varialdes, such as acidity, 
ferrous and ferric iron, ('ontimious circulation of the solution is 
effected by ]>roper construction of the tank, which should be jirovidcd 
with side heating coils and dellection \anes. Sludge forming f^om 
AlnOj after the tank has been in use for some time is prevented ffom 
coming in contact with the work by baffle jilates idaced a certain ilis- 
tance from the Ijottom of the tank. 

^‘The articles are immersed from one to two and a half hours at 21'p° 
to 212° P. When the e\olution of hydrogen has ceased, the work\is 
remo\ed, dried, dipjied m a jiai affine oil mixture, and se< in racks (V 
jiaiis to drain. Jietween batches it is ad\isable to boil the solution for 
an hour or two, as this imjiroxes its action. 

“( arc must be taken to ]>lace the work so that it ])rcsents the least 
resistance to the flow induced bv the heating coils and \anes in the tank. 

“Iron and steel protected wnth phosphatic coalings aie not so re- 
sistant to wear and abuse as sherardized or galvanized metal. Surfac- 
ings comiKJsed mainly of Pe.Oi jiroduced by the I>ower-l>arf¥ and 
similar jirocesses are more resistant to acids and bluer in color. Ilow- 
e\er, phos]>hatic rust proofing is considerable cheajier than any other 
well know'll rust jiroofing jirocess in use to-da^ , the simplitiU of treat- 
ment and uniformity being important factors in its favor.** 

Uses of Phosphates and Phosphoric Acid in Glass and 
Ceramic Products. 

'J'he chief uses of phosphoric acid in the glass and ceramic industries 
is for manufacturing optical, opaque and ornamental f translucent) 
glasses, bone china and enamel gla/es Mthough the quantity of phos- 
phatic materials annuall} used for these ])urposcs is relati^ely .small 
when compared with the total consumption, ne\ertheless ])hosphates 
l)lay an important role in imjiaiting to the products of these industries 
certain desirable ])hysical properties. 

Optical — Phosphoric anhydride (P.(P,) has been used to 

some extent in optical glasses to obtain the desirable properties of low 
disjiersion and high refracti\e index.” 7'hese jiKqierties render a glass 
excellen^f. for achromatizing wdth the l>oro flints in the making of 
double ohjecti\e lenses, which are used primarily to eliminate the sec- 

”H llo\LStaclt, Jena Glass and its Scientific and Industrial Applications, pp. 
8 - 10 , 1902 . 
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on clary speclniin. Miethc in 1888 made the first anastig^matic aplanat 
lensc from a hi^h ])hos])hor()Us crown j»lass and a weak refracting flint. 
This was an important step in the elimination of spherical aberration. 
In 1889, I^ritsch made a wide angled jijMu'liroinatic lens of ])hos])hate 
crown and borate flint. The barium t>hosphate crown glasses are very 
transparent to ultra violet rays.^^ 

'fhe following table (Table LVlIl ) gives some of the more imixir- 
tant oi)tical pro])erties of the phosi>hate crown glasses. 


TABLE LVIII 

Some Optical Propertiks of Phosphate Crown Classes 


Type of Glass 

Refractive 

Index 

Mean 

Dispersion 

Density 

Li^ht pho.sphatc crown 

1.5159 

0.00737 

2.58 

Medium i)hosphatc‘ crown 

L.ssyo 

0.00«3S 

3.07 

Dense* hariuni phosphate crown 

1.5760 

0.()0«84 

3.35 

DcMiscst liariiiin jihosphate crown 

1.5906 

0.00922 

3.00 



The chemical com]>osition of two typical phos])hate optical glasses 
are given in Table LIX. 

TABLE LIX 


CiTKMU'Al COMPOSIITON Ol< T WO TyPK AL PlIOSPHATE OPTICAL GlASSES 


No. 

lb( )j 

MftO 

MAh 

.^s/ )i 

KX) 

l’.a( ) 

PAh 


I’er Cent 

Per (Vnt 

I Vr Cent 

Per Cent 

Per ( ent 

Per Cent 

Per Cent 

1 

3.0 

4.0 

10.0 

0.5 

12.0 

0.0 

70.5 

2 

3.0 

0.0 

8.0 

1.5 

0.0 

25.0 

59.5 

1 


Judging from the chemical composition of the phosphate glasses 
given in the aliove talile it is to be ex])ectcd that they would be some- 
wdiat soluble in water and hence weather quite readily. 'J'his is actu- 
ally the case for even the moisture in a relatively dry atmosphere exerts 
a very marked corrosive action on such glasses. On this account phos- 
phate lenses are used to a very limited extent at the ])resent time, and 
when such glass is employed for optical lairjMJses it is usually in 
cemented interior portions of complex lenses where it is protected from 
air and moisture. 

“ VokG’s l»hot. Mitt., 25 , pp. 123 and 173 (1888). 

” Phot. Korresponden?, 26 , p. 12 (188^)). • 

Jlovcstadt, II., Jena Gla.ss and It.s Scientific and Indiistrial '\^)licatinns 
(1902), p. 57. 

“ Idem., pp. 8-10. 

“ Idem., p. 132. 
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Opaque and Tramluccnt Glasses . — The modern development of 
electrical illumination and the demand for indirect or diffused lighting 
has been largely responsible for the growth of the opaque and trans- 
lucent glass industry. 

Such materials as bone ash, pure phosphates, guano, magnesium, 
silicates, sodium and calcium fluorides, cryolite, fluosilicates, asbestos, 
tin oxide, etc , are used as opacifying agents. Alabaster glasses are 
probably the oldest tyjx; of the opaque glasses. They were first made 
in Holiemia’" and used piinciiially for large jars, ornamental vases and 
perfiune bottles. They contain high percentages of silica and vsfnall 
percentages of calcium, but no api>rcciable amount of jihosjihoric Acid. 
The opacity of such glass was jirobably due to devitrification asUhe 
glass was made at lelatuely low temjieraturcs. \ 

With improvements m the heating system of glass furnaces, better 
methods and foimula? for making more permanent otvaque glasses were 
sought. In 1743 Kunckel recommended the use of bone ash as an 
opacifying agent. He used a mix of 60 pounds sand, 40 pounds potas- 
sium caibonate and 10 pounds of bone ash. Calcined guano and in 
more recent years artificially prepared sodium or calcium phosphates 
have been used instead of bone ash, since these substances can be jire- 
pared very puie and in such a fine state of division that a more uniform 
and dependable glass can be obtained. 

In the liquid state such glasses apjiear to be clear and transparent, 
but on cooling become an ojiaque white. The degiee of o])a(jueness 
dejjends largely on the amounts of phosjdiate and silica present. A 
mixture low m silica requires less phosphate than one high in silica to 
produce the same degree of opaqueness. 

Kosenhain and Scharrer attribute the opacity of these glasses 
to small particles of calcium phosphate disseminated throughout the 
mass, the separation of this compound taking jdace as the glass cools. 

On treating ground ])hosphate glass with dilute nitric acid, calcium 
phosphate goes into solution This fact is cited as an indication that 
the calcium jdiosphate exists as such, in the glass mass. 

These phosjihate glasses, e\en though the white is very dense and 
opaque by reflected light may give a red or yellowish color to trans- 
mitted light. This undesirable j^roperty known as “fire,” however, can 
be overcome by the addition of tin oxide to the batch. 

Opal, opalescent and mother of pearl glasses occupy an important 
place in the ornamental glass industry. From the very beginning 

”Krak. J. B, The Composition of Opaque Glasses, Glass Ind., 2, pp 81-4 
(1920) r 

“Idem 

” Rosenhain, W , Glass Maniif , p 184 

“Abegg’s llandbuch der aiiorg. Chcmie, Vol. 3, pp. 2 and 391 (1907) 
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efforts have been made to produce a glass resembling mother of pearl.*^ 
The earlier workers were concerned only in the decoration of glass 
with mother of pearl colors. The first iridescent glass appeared about 
1870 and since that time the progress has been very marked. 
Schwarzbach gives the following batch mixture for one of the most 
successful of the mother of jx'arl glasses. 

Sand 100 parts by weight 
Potash 45 “ “ 

Red lead 52 ‘‘ 

Pone ash 8 ‘‘ ‘‘ 

P>y the addition of a small amount of manganese dioxide an excel- 
lent imitation of the antique V'enetian mother of ])earl is obtained, 
translucency and its ])early iridescence. J. VV. Mellor gives the fol- 
lowing formula. 

Sand 68 parts by weight 

Potash 21 “ “ 

Soda 5 “ “ 

Red lead 5 “ 

Saltpeter 1 “ “ 

Porax 1 

( ale. sixir 4 ‘‘ “ 

Pione ash 6-10 “ “ 

These ty])ical formuhe serve well to illustrate the importance of 
hone ash or ])hosi)hates in the glass industry. 

Bone China . — Pone china is a develo])ment of the English potters, 
they having obtained their early information indirectly from China.-^ 
It is the most highly ])rized chinaware on the market, and also the most 
difficult to manufacture. The physical properties of bone china which 
appeal so strongly to the connoisseur are its fineness of texture, its 
translucency and its jxarly iridescence. J. W. Mellor gives the fol- 
lowing intere.sting statement in regard to the bone china body. “Of all 
the different kinds of ])ottery bodies known to man, I believe that the 
so-called bone china body is the most remarkable. 

“From the time the raw materials enter the blungcr to the time the 
finished ware leaves the enamel kiln, the hone ash is the seat of a num- 
ber of extraordinary chemical changes which make the chemistry of 

“Schwarzbach, O., The Manuf. of Mother of Pearl (Hass, Si)recli«*aal, 53, pp. 
251-2 (1920). Translation in Glass Ind., Vol. 2, pp. 7 and 8. 

” Idem. 

“ Idem. 

“Melior, J. W., Tran.s. Eng. Ceram. Soc., 5, p. 79 (1906). 

“Mcllor, J. W., Trans. Eng. Ceram. Soc., Vol. 18, pp. 497-504 (1919). 
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the body unique. So far as I know there is nothing to approach it in 
the whole range of ceramics.” 

15. Moore gives the compcjsition of a normal luiglish bone china 
as follows : 

Hone ash 44 per cent 

C ornwall stone 30 “ 

China clay 26 “ 

The use of Cornwall stone, however, is objectionable owing to its 
variable com])osilion, and therefore a mixture of fel(ls])ar and |flint is 
often used to replace it. According to Moore the com|)()sition of good 
I)one china (where feldspar is used) may fall within the folI|.)wing 
range : 

Hone ash 42 to 32 per cent 
Feldspar 15 to 10 “ “ 

C hina clav 33 to 35 ” ” 

Flint ^ 10 to 14 ” “ 

The materials should be finely ground ( 160 mesh) either separately 
or after mixing and then subjected to the action of ])()werful magnets 
to reni()\e all traces of metallic iron. 

The next o]K*ration, that of getting the body into the most idastic 
or workable condition requires considerable time and attention. It is, 
how^cAcr, one of the most important steps in the whole manufacturing 
process for upon it depends the uniformity and fineness of texture so 
highly \ allied in the genuine bone china. Ujxm grinding C’ornish stone 
or feldspar in water hydrolysis takes ]dace and china clay and water 
glass are formed to some extent. In like manner the grinding of bone 
ash in water possibly forms some acid calcium phosphate or c\en ])hos- 
phoric acid. As a result of this wet grinding the materials acquire a 
much greater jilasticity. 

It has been found advantageous to use a bone ash which has retained 
a large part of its carbon, as it is much more i)lastic than a hard burned 
bone ash. 

The bone china body cannot be matured or tenqKTed like an or- 
dinary clay body,*^ because the organic matter in the bone ash will begin 
to putrefy with the de\elo])ment of small gas bubbles. Hug mills"® 
cannot be successfully used, as the cutting action of the blades tends to 
make the clay short. The tempering should be accomplished more or 

Moore, 15., Jmik- C'erani. Soc., 4, p. 37 (19()5). 

Hus .wall stone is a hi«hl> silienms feldspar which varies considerably in 
composition. 

‘‘'‘Mellor, J. W., Trans, C eram. .Soc., 18, pp. 497-504 (1919). 

Hinns, C. F., Trans. .\m. Ceram. Soc., 12, p. 175 (1910). 
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less by a kneading action. The French rolling table is said to more 
nearly meet these conditions, as it rolls and kneads the clay body without 
any cutting action. The rolls are covered with zinc so as not to con- 
taminate the china body with iron. 

Considerable skill is required in the working or molding of the body 
prepared and tempered as above. A number of the English factories 
still use the hand tool method of molding the various pieces, however, 
the more enterprising manufacturers have developed molding machines 
which are even superior to the hand methods. 

Skilled placers are required in placing the china for the “biscuit 
fire.” For flat ware such as plates and saucers a burned flint bed, 
shaped to fit the piece, is used. 

In the biscuit firing a tremendous contraction takes place up to a 
certain temperature, (ireat care must be exercised in this heating 
operation since excessive temperatures cause expansion and warping of 
the china and the formation of small bubbles in the ware. These bubbles 
are caused by the liberation of phosphorus from the bone ash in the 
body mixture.^- The reaction is analogous to that for the commercial 
preparation of phosphorus where bone ash, silica, and charcoal, are 
heated together at high temix*ratures. 

The detrimental effects of iron are ordinarily manifested in the 
biscuit fire. While there is usually less than 1^ per cent of iron in 
the body, it is said this is very readily converted into iron phosphate if 
there is a reducing atmosphere in the oven caused by carbon in the 
bone ash, or through lack of air circulation in the kiln. The presence 
of this iron phosphate is shown by the blue or bluish green color of the 
ware.-'*-'* 

This explanation as to the cause of the blue color, does not appear 
entirely satisfactory since sometimes a blue china is obtained in an 
oxidizing atmosi^iere where the bone ash contains very little carbon. 

The carbon content of the bone ash may vary in character accord- 
ing to the manner in which it is calcined. If burnt rapidly at a high 
temperature the carbon will be left in a form which is slow and hard 
to burn out of the china body. 

The composition of the china body, that is, the proportions of clay, 
bone, and stone in the mix requires a delicate adjustment to produce 
the right color effects, as for example where there is a large proportion 
of clay and a small proportion of stone, the tendency is to produce a 
blue or browr china. The proportion of bone ash is not so critical as 

“ Idem. 

” Idem. 

“Mcllor, J. W., Trans. Eng. Ceram. Soc., 18 , pp. 497-504 (1919). 

“Idem.; Moore and Mellor, Pott. Gazette, 41 , pp. 1147-8 (1916). 
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that i)f the stone and clay. On the other hand where the proixirtion of 
stone is too high, the tendency is to blister or bloat. The higher fluxing 
powers of the stone also cause warjung or sagging. The per cent of 
moisture in the clay is often a determining factor in the proper propor- 
tioning of the body materials. 

On firing in the glost oven and enamel kiln these unstable phosphates 
ranging from the white variety to the blue or bluish green may oxidize 
to a brown or spotted brown stain. This oxidation may even take ])lace 
years after, usually around the cracks in the glaze, where air may gradu- 
ally seep through. | 

Crazing seems to bear some relation to the brown stains, bs it is 
most pronounced where the coiniiosition of the china is favorable to 
the formation of the bluish color, namely, that where the proportion of 
clay is high. \ 

Blistering occurs most readily where the body has a high propor- 
tion of stone, which also means a higher jiercenlage of alkali metals. 
This causes the mass to be soft and vitrious in the biscuit and glost 
ovens, thus hindering the escape of such gases as are present with the 
consequent production of minute bubbles or blisters in the finished ware. 

Davis,-*® in experimenting with precijiitafed phosphates as substi- 
tutes for bone ash, found that the imre i)h()s])hales gave excellent re- 
sults and that the failures so often blamed on the precipitated jiliosphate 
were due to the alkali impurities, thus pure alkali free phosphate gave 
as good results as bone ash. This suggested the use of Canadian ajxitites 
practically alkali free. lM)ur bodies were made up according to the 
following forniuke using Canadian apatites : 



1 

7 ' 

“ 1 

3 

4 

Apatite 

42 

39 

35 

32 

Feldspar 

15 

10 

17 

19 

China clay 

35 

34 

34 

35 

Flint 

10 

11 

14 

14 


All four of these bodies made excellent ware, number 4, however, 
showing the best translucency. 

At the present time very little bone china is made in this country, 
but according to llinns there is no definite reason why the industry 
should not be more firmly established in the United States as the de- 
mand for such w^are is very great. 

Porcelain Enamels and Glazes . — Tricalcium ifliosjihate in the form 

** Minute intersecting cracks on the surface glaze. 

“Davis, N. li, Trans. Am. Oram Soc , 19, pp. 125 9 (1917). 

“Binns, C. F., Trans. Am. Ceram. Soc., 12, p. 175 (1910). 
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of bone ash has an extensive nse in the china and ix)rcelain p;laze indus- 
tries, As early as %0 to 1279 a.t>. the Chinese®^ (during the Sung 
dynasty) used considerable amounts of phosphate in their feldspathic 
glazes for ])ottery and porcelain. The following table (Table LX) 
gives the composition of several of these glazes : 


TABLE LX 

Composition of Several Early Chinese (tlaffs 


Glaze 

SiO. 

AhO, 

CaC) 

K.C) iir 
N:u() 

Ee.Oa 

PaClft 

Hard glaze 

Soft glaze 

Light grayish green glaze 

70.3 

(A2 

6(1.0 

10.6 

9.5 

& AL^ >3 

13.(J 

5.9 

7.1 

6.8 

5.0 

5.9 

2.3 

2.5 

7.2 

8.0 

8.3 


Two of the more modern enamel glazes arc shown in the following 
fornuihe : 


Sand 

No. 1 — ~ 

9 

No. 

Red lead 

KXt 

60 

100 

Potash 

22 

30 

Bone ash 

12 

8 

Tin oxide 

12 

Saltpeter 

5 

*3 

Borax 

4 


Soda 


8 

Lime 


6 

Arsenic 


K* 





11. Fritz states that most of the glazes containing ILOr, are sub- 
ject to “crazing.” He recommends the following batch mix to give a 
brilliant glaze free from this undesirable tendency. 

KjO 1 part 

CaC) 1 “ 

VU) 8 “ 

AW, 2 ‘‘ 

I’oOs 20 “ 

Some of the most efficient colors for hard porcelains and glazes are 
metallic phosphates. Cerium pyrophosjihate gives a sulfur yellow 

“’Collie, J. N., Trans. E.ng. Ceram. Soc., 15, pp. Bi() 1(».S (EdP). 

” Scliiiuspfeil, II., Die (llaslniette, 37, pp. 

** Eritz, II., Chem. Ztg., 42, p. 422 (1918). 

"ilertwig, T., Keram. Rnnclschaii, 20, p. 122. 
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color resistant to oxidizing and reducing gases. Ferric phospliate pro- 
duces a chestnut brown. Manganese pyrophosphate gives a yellowish 
brown. 

Cobalt phosphate and manganese phosphate or manganese dioxide 
yields a blue black color. 

' Cobalt pyrophosphate, aluminum phosphate, and zirconium pyro- 
phosphate produce light blues. Tungsten phospliate gives a yellow 
color. 

These ingredients are mixed thoroughly with oil and applied i|i thin 
coats before the final firing of the porcelain. 

No statistics arc available showing the quantities of mineral phos- 
phates and Ixnie products used in the manufacture of glass, bone diina, 
and jKircelaiii glazes. 

‘‘The Use of Phosphoric Acid in Beverages.” 

With few exceptions all manufactured beverages or “soft drinks” 
contain a small percentage of acid as one of their constituents. With- 
out the addition of an acid, most be\erages, particularly those made up 
with natural or artificial fruit flavors, lack that quality of “sharpness” 
which the consumer finds .so palatable. 

The acids which ha\e been suggesUd or are actually being used to 
impart the desired acidil} of “sourness” to soft dunks fall into two 
general classes. 

1. Organic acids such as acetic, citiic, tartaric and lactic, all of 
which are present or formed in food ]>rodiuts. 

2. Inorganic or mineral acids such as sulfuiic, hydrochloric and 
pho.sphoric, all of which are pioduced on a large scale from inorganic 
materials. 

The term “acidity” in a chemical sense ordinarily means the neu- 
tralizing strength of an acid in terms of a standard alkali solution or 
the (piantity of “acid” hydrogen ]>resent. This, however, is not a true 
measure of the strength of an acid since the activity of the acid hydro- 
gen varies in different tyjies of acid. "J'he most accurate and general 
recognized method of measuring the intcnsity^i acid solutions to-day 
is by the determination of their hydrogen iron (1*. H.) concentrations. 
This method is fully and ably treated in a number of standard text 
books and scientific articles and therefore its discussion is not warranted 
here. 

Acituty as understood by the manufacturer and bottler of .soft 
drinks, however, is the degree of “sourness” (as determined by taste) 
imparted to a beverage by equivalent quantities of acid hydrogen fur- 
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nished in the form of the acids enumerated above. He is interested 
particularly in obtaining this desired acidity in the cheapest possible 
form, provided the acid employed is pure, digestible and does not de- 
tract in any way from the wholesomencss of his product. 

In the following table (Table LXI) prepared by Skinner and Salc^^ 
the relative cost of this so-called “sourness” in the form of the 
various organic and inorganic acid used in the manufacture of soft 
drinks are given. 

In the first column arc given the types of acid and the strength of 
the commercial articles offered on the market. In column 2 are given 
the pounds of these commercial grades employed in 100 gallons of a 
1/100 normal acid solution which is approximately the acidity of the 
average modern soft drink. In column 3 the relative sourness of such 
dilute standard acid solutions is given — this degree of sourness being 
determined by taste. In column 4 are given the weights in pounds of 
the various acids (commercial grades) which must be added to 100 
gallons of water or solution to give equal sourness to a beverage. 


TABLE lAT 

Rklaiivl (V)sr of Sournkss in the h'oRM of Various Acids* 


Name and 
Commercial (irade 
of Acid 

I .hs. of 
Acid per 
100 Gal. 
of N/lOO 
Solution'’ 

Relative 
Sourness 
of N/lOO 
Solution 

Lbs. of 
Acid per 
100 Gals, 
of Solu- 
tion of 
h'qual 
Sourness* 

Current 
Prices of 
Acid per 
I.b. 

Cost of 
Sourness 
per 100 
Gals, of 
Bever- 
age “ 

Cost of 
Sourness 
per LI 
Pint of 
Bever- 
age 

Acetic acid (.S6%)... 

0.894 

70 

L27() ' 

Cents 

7.6 

(*ents 

9.7 

Cents 

0.006 

Lactic acid (40%)... 

1.878 

100 

1.878 : 

39.0 

73 2 

0.045 

Gitric acid (91%) . . . 

0.587 

100 

1.587 

100.0 

58 7 

0.0.16 

Tartaric acid (99.5%) 

0.62^; 

100 

0.629 

85.0 

53.4 

0.033 

riiosphoric acid 

(50%) 

Sulphuric acid (95%) 

0.818 

120 

0.f>81 

22.0 

15.0 

0.008 

0.430 

200 

0.215 

16.5 

3.5 

0.002 

Hydrochloric acid 
(37%) 

0.823 

200 

0.411 

19.5 

8.0 

0.005 


• Table taken from article by Skinner and Sale, Acids in Beverages, Nat. 
Bottler’s Gazette, p. 67, July 5, 1920. 

'’Bottled soda of the ginger ale type has an acidity and sourness approxi- 
mately equal to N/lOO solution of citric tartaric or lactic acid. The solutions 
compared in this column are of equal acidity but not of eciual sourness. 

® The degree of sourness of these solutions is approximately the same as the 
sourness of bottled soda of the acid type (N/lOO solution of citric aiid). 

‘'The price of all the acids enumerated is now considerably lower* than at 
the time this article was published. 


"Acids in Beverages, Nat. Bottlers’ Gazette, p. 67, July 5 (1920). 
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Finally, in the last two columns the cost of this acidity or sourness (at 
the then current prices) per 100 gallons and per pint bottle is given. 

It will be noted that acid solutions of equal normality (having the 
same acid hydrogen content ) differ very materially in sourness — the 
inorganic acids having a much more pronounced acid taste. The 
cheapest sources of this sourness were found to be sulfuric, and hydro- 
chloric acids, with acetic acid third and phosphoric acid a close fourth. 
The cost of this same degree of acidity in the form of the other organic 
acids is from four to eight times greater than in the form of phosphoric 
acid. 

The use of all the organic acids enumerated above is approved by 
the Bureau of Chemistry, 1 1. S. Department of Agriculture, since \they 
are naturally present or formed in food i)roducts to which the huinan 
digestive tract is accustomed. The presence of these acids in beverages, 
therefore, according to Skinner and Sale “is quite proper and 
advisable.’' 

Of the three inorganic acids mentioned, however, only j)hosphoric 
acid is generally accepted as a wholesome ingredient of soft drinks. 
The emjdoyment of sulfunc and hydrochloric acids in food products 
according to the autliorities cited abote “is a com])aratively recent de- 
velopment and is questionable to say the least, being considered very 
undesirable by many." 

Phosphoric acid has been employed for many years in the prepara- 
tion of so-called phosphate beterages such as orange, lemon and cherry 
phosphates. In recent years the use of this acid has grown in favor 
and it now constitutes a part or the whole of the acid constituent of a 
number of fruit flavored l)e\erages as well as those of the cola tyi)e. 

The increased use of phosphoiic at id is due not only to the relatively 
low' cost of this compound but to the fact that it has a certain recognized 
medicinal value. Moreover, com]K)unds of ph()S])horus play an imt)or- 
tant role in the human diet and it is argued that acidity furnished in 
the form of orth(;pliosphoric acid is certainly not deleterious and prob- 
ably beneficial to health. 

No accurate figures are a\ailablc showing the quantity of phosphoric 
acid consumed in beverages, but it is unquestionably very ajipreciable. 
Of the 4,000,000,000 half pint bottles of soft drinks annually consumed 
probably three-fourths ha\e citric and tartaiic acid as their acid con- 
stituents. Assuming that one-half of the remainder or 500,000,000 
bottles contain phosidioric acid (2 grains to each bottle), we obtain a 
figuie (^^110,000 pounds of ll.POi or 220,000 pounds of 50 per cent 
II3PO4, w'hich is the usual strength in which it is sold to the trade. 


“Lot ut. 
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This does not take into consideration the fruit syrups and phospliate 
drinks sold at the soda fountains, which would probably add at least 
100,000 pounds more, giving a total consumption of 320,000 pounds of 
50 i)er cent HgTOi or 160 tons per annum. 

In addition to its use in l)cverag:es, small percentages of phosphoric 
acid are used to impart acid flavor to jams and jellies manufactured 
on a large scale. No objection is offered to its employment for these 
purposes by the pure food laws. It is needless to say, however, that 
the acid used for food purpf)ses must be very pure and free from such 
deleterious substances as arsenic and salts of copi>er, lead, etc. The 
purification of phosphoric acid has been described in a previous chapter. 

“Phosphoric Acid in Dental Cements.” 

Phosphoric acid is widely used as one of the constituents in dental 
cements. While the actual qiiaiitily thus annually consumed necessarily 
must be relatively small, this acid nevertheless iK‘rfonns an imiK)rtant 
function in modern dentistry <and there is every indication that its use 
for this purpose will continue to increase. 

Much careful and painstaking research has been conducted in seek- 
ing and in choosing materials best suited to stand up under the de- 
teriorating conditions to wliich dental cements are cx])osed. Not only 
must such cements withstand severe strains and stresses, but also be 
subjected to chemical and bacterial inilueiices tending to bring about 
their disintegration. 

W hen we consider the following conditions, which all good dental 
cements should meet, it is easy to see what a wide field of research is 
oi)en to the jdiysicist, chemist and bacteriologist : 

(1) Relatively quick setting and .strong adhesive j)roi)erties. 

(2) A coefficient of expansion practically identical with that of the 
Human teeth. 

(3) Hardness and a high crushing strength. 

(4) The in'operty of being non])orous and resistant to the solvent 
effect of saliva. 

(5) Germicidal proi>ertics. 

In addition to the above properties, certain types of cements must 
have a color and translucency simulating the lifelike a[)pearance of 
natural teeth. 

While their minor ingredients vary somewhat the bulk of t^e dental 
cements may be divided into two general classes. 

® Mcckstroth, J. T., Industrial Uses of J’hosplioric Acid, C'licm. and Met. 1-ng., 
Vol. 26, p. 223 (1920). 
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(1) Oxyphosphate cements consisting largely of oxyphosphate of 
zinc. 

(2) Silicate cements, which are composed of basic aluminum sili- 
cates and phosphates with smaller amounts of lime magnesia 
potash and soda. 

A third class of cements containing varying percentages of copper 
compounds (mainly oxides) are also produced, which have more 
marked germicidal properties than the two classes mentioned above. 
These copper cements are used in filling cavities and nerve channels, 
which are difficult to thoroughly clean. Cements containing silverlphos- 
phate are also employed for this same pur])ose, but since both copper 
and silver salts produce dark colored cements, their use is largely 
confined to posterior teeth or to cementing crowns and caps where the 
cement will not be conspicuous. \ 

Dental cements reach the dentist in the form a i)owder and a 
liquid to be mixed by him when he is ready to use tlieni. The powder 
or solid contains chiefly basic materials and the liquid furnishes the 
acid ingredient. Vogt and Poetschke lay great emphasis on the 
importance of thoroughly mixing these materials and the consistency 
of the paste which is formed, pointing out that both the chemical con- 
stitution and the physical proixirties of the final product arc dependent 
upon the most intimate contact between the reacting ingredients. 

Oxyphosphate Cements. 

The main ingredient of the iK)wdered i)orti()n of the oxyphosjjhate 
cements is zinc oxide, which has been calcined to render it less active 
towards phosphoric acid. A small quantity of bismuth oxide is some- 
times added to the zinc oxide before calcining since this compound 
tends to make the cement impervious to saliva. Silica or (juartz flour 
is also one of the constituents of the oxyphosphate i)OW(iers, but merely 
acts as a filler just as sand and gravel are employed in concrete mixtures. 

The liquid ])ortion of the cement consists of a relatively strong 
solution of phosphoric acid to which has been added zinc oxide, 
hydrated alumina or some other basic material to partially neutralize 
the acid and cause it to act more slowly, when mixed with the cement 
powder. The time of setting is thus sufficiently delayed to permit the 
thorough mixing of the ingredients before the cement is placed in the 
tooth. 

“Poetschke, Paul, Germicidal Efficiency of Dental Cements, J. Tnd. & Eng. 
Chem., Vo/. 7, p. 195 (1915) ; Smirnow, M. R., Germicidal Properties of Dental. 
Cementsf Dental Cosmos, Vol. 57, p. 1209 (1915). 

•Silicate Cements, Dental Items of Interest, Vol. 42, p. 329 (1920). 

•Ph>sical Properties of Dental Cements I and II, Ind. and Eng. Chem., Vol. 
8, p. 309 (1916) and Vol. 15, p. 341 (1923). 
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Upon mixing the acid and base, zinc phosphate is produced, wliich 
becomes converted shortly into the hydrated or crystalline form. It is 
the formation of this crystalline zinc phosphate, which gives the cement 
its adhesive and setting properties. The base and acid should be so 
proportioned that a thick paste is produced, thereby insuring the 
presence of an excess of zinc oxide and the absence of free acid in the 
final product. It is also important that the cement should set relatively 
slowly at ordinary temperatures, but that the rate of setting be accel- 
erated at somewhat elevated temperatures. In this way the dentist has 
ample time to mix the ingredients, but the patient will not be incon- 
venienced in waiting for the cement to harden. According to 
Poetschke the setting time for properly prepared oxy phosphate 
cement is aj)i)roximatcly 3 minutes at 70° to 80° C. 

The oxyphosphatc cements when free from copper or other colored 
compounds arc hard and white, but (juite opaque and hence unsuitable 
for filling or facing the anterior teeth. These cements, therefore, are 
used for cementing crowns, caps, bridges, inlays and facings and as 
fillings, mainly in the i)osterior teeth. 

The Silicate Cements. 

The silicate cements were develoi)cd to meet a long felt want for 
a material with adhesive and setting proiKTties, which would also have 
a color and translucency api>roximating that of natural teeth. 

While such cements have not been entirely t>erfecled, they have 
been greatly im])roved, both in regard to their a])i)earance, as well as 
in their other physical ])ro])erlies. 

The solid or powdered portion of the silicate cements consists 
chiefly of basic aluminum silicates, with smaller percentages of lime, 
magnesia, soda and ])otash. 

Wright gives the following analyses of four synthetic silicates, 
making up the i)Owdered jK^rtions of dental cements. 


TAHLK LX 1 1 


C'dM POSITION or IlIK PoWDl'KlT) PoKl'lON OF FoUl< SlI.ICATb DhNr.M- CtMLNTS 


Insredienls 

No. 1 

No. 2 

No. 3 

No. 4 

Silica (SiOO 

4().2() 

36.91 

44.(K) 

37.00 

A|itmin;i (Al»()j) 

50.02 

33.6‘) 

41.00 

32.20 

Lime (C'aO) 

5.(X) 

7.26 

2.00 

7.50 

Magnesia (MgO) 

.51 



Potash and soda (KaO and NaA)) 

Phosphorus pentoxide (PjOb) 

1.08 

15.88 

4.(K) 

13.(K) 

^ 

10. io 

1.90 

Fluorine (Fz) 

.... 


» 9.30 


Loc. cit. 

“Study of Some Dental Cements, J. Dental Research, \'<>1- 


1, j). 35 


(1919). 
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The silica and alumina content of two of the above powders (Nos. 
2 and 4), however, do not fall within the limits set by W. and D. Asch 
as necessary for silicate cements. These investigators give these limits 
as follows : 


(1) Alumina (ALO^) 38 to 50 per cent 
Lime (CaO) 6 to 12 “ “ 

Sihca (SiO>) 40 to 44 ‘‘ 


The solid or ])owdercd jKn-tion of a silicate cement is produced by 
first intimately mixing the finely gtoiind ingredients and then fusing 
the mass at a temperature varying from 20(X)° to 2500° V. After 
cooling, the melt is ground in a ball mill, sieved and jmt up in tightly 
closed containers for the market. \ 

The liquid ])oition of the silicate cements with which the ‘^lid 
ingredient is mixed, also consists of ])hosphoric acid to which hydrated 
aluminum oxide or phosjdiate has been added to cut down its activit} 
towards the silicate i)owdcr. \ccoiding to Vogt the main difference 
between the acid solution used in zinc cement and that employed in the 
silicate type is that in the latter case the concentiation or specific gravity 
of the solution is lower. 

Poetschke found that the use of an acid solution with a spec^ific 
gravity of 1.558 at 15° C. ga\e cements which had the highest crush- 
ing strength, More dilute acid solutions produced cements less re- 
sistant to the action of salixa and the use of more conccntiatcd acid 
ga\e cements which vveic not nnh weaker, hut more soluble under oral 
conditions. Wright states that the use of less concentrated acid 
solutions causes the silicate cements to set somewhat faster than wheie 
stronger acid is cmiilovcd This may he an ad\antnge in the ca'^c of 
cements of this tyjx?, which arc apt to set verv slowlv and thus cause 
the patient some inconvenience 

Experience has showm, therefore, that a uniform composition and 
concentration of the acid solution is of great importance for each type 
of cement powdei employed if concordant results are to he obtained. 

Since little is known of the manner in which the various ingredients 
of the silicate powders arc combined, there is considerable difference 
of opinion regarding the chemical reactions involved when such powders 
arc mixed with the solution of phosjdioric acid. 

Some believe that the first reaction is merelv that of hydrating the 


"Silicates in Chemistry and Commerce (1913) 

“ Loc. cit 
Loc. cit 

"Study of Some Dental Cements, J of Dental Research, Vol 1, p. 35 (1919) 
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calcium alumino-silicate, with the subsequent replacement of the water 
by the acid radical (TX).,). 

Vogt says that the reactions resulting from the mixing of phos- 
phoric acid and a silicate powder take place in two stages, resulting in 
a primary and secondary setting, lie thinks that the first setting (which 
takes place in about 8 minutes) is due to a reaction similar to that 
occurring in the zinc oxy])hosphate cements — namely, the formation of 
hydrated phosphates of aluminum and other bases. The second or final 
setting, however, extends over a much longer period and while not 
sharply defined is regarded as due to the gradual combination of water 
with certain complex aluminum silicates. This is ^practically the same 
reason offered in exqilaining the setting of Portland cement. 

In any event Vogt recommends that the silicate cements when 
freshly applied be protected from moisture until they assume hydraulic 
properties. He states that while sometimes silicate fillings arc finished 
at a single sitting, it is lietter practice to cover them with a waterproof 
cofiting and ])olish and finish them 24 hours later. 

Properly proportioned and carefully mixed silicate cements may 
be employed as fillings and facings in the anterior teeth, but the possi- 
bility of improving the adhesive and resistant properties of such cements 
still offers a fertile field for research. 

Phosphoric Acid and Phosphates in Photography. 

Salts of ])hos])horic acid are used to a limited extent in ])hotogra])hic 
jirocesses. l)i- and trisodium ])hosphales, monopotassium iihosphate 
and silver phosjihatc are the salts most generally emiiloyed, but mono- 
sodium, uranium, manganese, barium and vanadium phosjphates have 
been used in minor quantities though largely in experimental research 
work. 

J^'ree phosphoric acid is employed in the so-called '‘Aniline Process'* 
for the rejiroduction of line subjects. This process, which was invented 
by Willis,®* is based on the property of bichromate of potash forming 
with aniline salts dark colored precipitates. The printing paper is 
coated with a solution of ixitassium bichromate to which phosphoric 
acid has been added. After exposure the development of the images 
or outline is effected by submitting the paper to the action of aniline 
vapors. 

The sensitiveness to light of silver ])hosphate was discovered by 
Stromeyer®® as early as 1830, and this property of the salt ^vas first 

“Loc. cit. 

“Ecler’s ITandbuch, Vol. 4, p. 275 (1900). 

“Cassell’s Cyclopedia of Pholography, p. 401 (1912). 
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applied to photography by Dr. Fyfe in 1839, when he made a light 
sensitive paper by soaking it in a solution of sodium phosphate, drying 
and then coating one surface with silver nitrate and then again immers- 
ing in the solution of sodium phosphate. Silver phosphate in addition 
to its light sensitiveness is quite insoluble and it is these two properties 
which make it suitable for use in emulsions for printing-out and 
developing-out papers. Schwartz prepared an emulsion using twice 
as much disodium phosphate as is necessary to convert the silver 
nitrate into phosphate, and added potassium chlorate and citric acid with 
a little chrome alum to harden the film. Such an emulsion is ^aid to 
be rapid, and easily developed, giving an image of metallic silver having 
a wide range of tones and the permanence of bromide prints. \ 

Schwartz also has patented an emulsion consisting of geWin, 
silver phosphate, chromate and an organic silver salt. In his TJL S. 
Patent No. 916,616 (1909) he describes a jihotographic paper prepared 
by apjilying first a protective layer of a phosjdiate of zinc or an alkaline 
earth metal. The silver emulsion is then sjiread over this phosphate 
layer, the silver salts diffusing into the ground forming insoluble 
compounds. 

Silver phosphate is also used in the ‘Tron Silver Process'' in 
conjunction with a light sensitive organic ferric salt such as ferric 
oxalate. When the sensitized plate or film is exposed to light, two 
distinct photo-chemical reactions take place, vi/., the ferric salt is re- 
duced to ferrous salt in projiortion to the amount of light received, and 
the silver phosphate which possesses all the i)roperties required for the 
production of a perfect image is at the same time affected also in pro- 
portion to the amcjiint of light received. When these reactions have 
taken ])lace, the ferrous comixmnd produced will act as a de\eloi>er for 
the silver conijxiund in the jiresence of the alkali salt of the organic 
acid present, and thus the amount of the developer is automatically 
proportionate to the amount of exposure whith lias taken jdace. 

Trisodium jihosphatc was first suggested by Lumiere as a sub- 
stitute for alkali metal hydrates or carbonates in alkaline develojx'rs. 
He also projxised the use of trisodium phosjihate in the simultaneous 
development and fixing of photographic images. The following 
formula is given : 

“Tdem ; Willson's Cyclopedia of Photography, p 274 (1899). 

"Sensitive Silver Phosphate T*apcr, Bull. soc. franc, phot, 25, p. 163. 

"U. S. Patent Reissue 13,162 

"Schwartz, Y., Iron Silver Process, Brit. J. Phot Almanac, p. 382 (1923). 

"Cassil's Cyclopedia of Photography, p. 501 (1912). 

* LtJhiiere, A. and L , Seyewet/, A , Improvements in Methods for Simul- 
taneous 1 development and h'lxing of Photographic Images, Bull. Soc. Franc. 
IMiot , 7, pp 234-8 (1920), Siinullancous Idevelopment and Fixing, Bull. Soc. 
t>anc. Phot, 8, pp. 220-1 (1921). 
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1,000 cc. of water 

32 grams of sodium sulfite 

40 ‘‘ “ ‘‘Hypo’' 

6 “ “ metaquinone 

100 “ “ Irisodium ])hosphalc. 

While a generous exposure is usually necessary, the results of using 
simultaneous develojiing and fixing baths are claimed to be not only as 
good as where seiiarate developing and fixing baths are employed, but 
the danger of overdevelopment is materially reduced. 

The use of trisodium or tripotassium phosphates in develojxTs is 
based on their alkalinity. The disodium or dipotassiuin salt may be 
used, however, in conjunction with free alkali, since the actual function 
of the phosjihate ion is that of a buffer; regulating the acidity or alka- 
linity of the bath. 

The principal value of alkaline phostihates in this connection is in 
develoi)ers intended for use in trojiical climates. It is txissible to use 
a high concentration of the alkaline i)hos])hate and obtain the well known 
salt depressing action on the swelling of gelatine, which thus reduces 
the chances of the emulsion softening or dissolving at the higher 
temperatures. 

Disodium or dii)otassium t)hosphate finds its most extensive ])ho- 
tographic use in gold toning baths for printing out ])apers. Gold 
toning is acconqdished l)y the substitution of metallic gold for the 
metallic silver in the i)rinted out image, according to the following 
reaction : 

Aun + Ag-^ Au + AgCl 

This reaction takes place best under neutral or slightly alkaline 
conditions. The dialkaline ])hos])hates are often used to furnish the 
necessary alkalinity. 

Another use for dis(»diuni phosphate is in certain developing solu- 
tions where it has a marked retarding effect. 

“Phosphates in Fireproofing Compounds.” 

The sodium and ammonium salts of ]diosphoric acid are employed 
as ingredients in a number of fireproofing conii)ounds. 

It was long ago noticed that old timbers which had been used in 
buildings where idiosphoric acid and jdiosjdiate salts were niainifac- 

“Cassel’s Cyclopedia of Photography, pp. 279 and 544 (1^12): I'der’^ Aiis- 
fiihrliches Handlnich der Photoj*raphie, 4 , p. 8 (PX)0) ; W ilKoifs Cyclopedic 
Pludo^raphy, p. 27 (1899). 

“Cramer, H. Lupps, Phot. Korr., Vol. 52, pp. 25-36 (1915). 
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turcd and which heconic iiiij)rcgnatcd with phosphate compounds could 
only l)e burned with j^reat difficulty. 'I'lic resistance to fire of such 
material, which is ordinarily readily combustible, first suggested the 
idea of using ])h()sphates to treat wood and fabrics for the puri)Ose of 
rendering them fireproof. 

The several soluble inorganic com])ounds em])loyed as fireproofing 
agents are sodium silicate, borax, magnesium sulfate, ammonium sul- 
fate, ammonium phosphate, sodium i)hosphatc and sodium acid pyro- 
l)hosphate. 

( )ne of the main reascais given to ex])lain why salts of ortho- and 
j^yropbosphoric acid ha\e fire])roofing properties is the fact that on 
heating to high temperatures, they decomj)ose yielding water, and in the 
case of ammonium salts ammonia gas is driven off, which forms a non- 
oxidizing atmosj)here around the heated surface. The reactions in- 
volved in healing the various ])hos]>hates of ammonia and soda may be 
rei)resented thus ; 


NalTjPt >4 + heat = NaoIioPuO; 

2Na,l IPO, -I heat = Na^ 

Naolb.Pjt + heat ~ NaP( >3 

Nll,NaJJP ()4 + heat = NaPO., 

N1IJ1oP() 4 +heat = NIT 3 


+ 

-I H..() 

+ ii.o 

+ N11, + JP() 
-f 11,() + ]IP( >3 


The residual material- -normal sodium ])yroj)hatc, metaidiosphate 
and inetaj)hosphoric acid are fusible conii)ounds, which lend to form 
glazes, thus further protecting the surfaces of combustible material 
from the action of the flame. 

ITTguson enij)loys a solution of four ingredients mixed with water 
in the following proportions : 


Sodium Silicate (NaoSjO,,) 

Porax (NaJpe^T . 10IIo( )) 

Microco.smic Salt ( Nall N ITJ’t )j) 
Monosodiuin J'hosi)hate (XalloPt ), .TToO) 
Water 


= 143 Parts 
10 “ 

=r-. 10 “ 

= 4 “ 

= 100 “ 


Sodium silicate is used in this mixture because of the refractory 
nature of the glaze, which it forms, llorax is em])loyed because of its 
well known proi)erty of fusing to a glas.s at high temperatures, and the 
inventor also claims that it aids in distributing the fireproof film of 
sodium •ilicate. In addition to the fact that the phosphate salts have 
fire])roofing projicrties, sodium ammonium phosphate gives otf ammonia 

"*IT. S. Talent No. 1.271,506 (1918). 
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when heated and it is claimed that this ammonia is held fqr a short 
time beneath the fireproof film of sodium silicate and borax, serving 
not only to extinguish the flame, but also the smoldering embers. 

Landau®® proposes to prevent the decay of wood and at the same 
time render it fireproof, by treating it with a solution containing tri- 
oxymelhylenc and inorganic salts, such as ammonium phosphate, am- 
monium sulfate, ammonium borate and magnesium sulfate. 

A fireproof paint for coating wood, metal, or even fabric is the 
subject of a patent issued to Wortelmann in 1921. The composition 
of this material is approximately as follows : 


Water 

= 40 Parts 

Sodium Silicate (40° Be.) 

= 60 “ 

Powdered Asbestos 

= 60 “ 

Sodium Phosphate 

2 “ 

Magnesium Sulfate ( 10 per cent 

sol.) = 2 “ 

Saponified Resin (10 per cent sol) 

= 2 “ 

Glycerine 

= 1 “ 


A mixture of the above composition, while unquestionably giving 
fire resisting eoating would hanll> do loi fabrics, since it contains so 
much insoluble material, that the pores of most materials would be 
filled up and their appearance impaired. 

Such a coating also could jirobably only be employed tor in^dc 
work because of the w^ater solubility of all but one of the ingiedients 

One of the great objections raised to the use of soluiions of in- 
organic salts as fireproofing agents, i', their tendency to crystallize and 
drop from the treated surface as line crystals or powder. AJoreover, 
in the treatment of fabrics, most of these fireproofing compounds tend 
to stiffen the fabrics, and prevent curtains, dra^xn-ics, etc., from hanging 
in natural graceful folds. 

With the idea of overcoming these objection^, Andrews and 
Mathias®^ after a series of investigations, proposed the use of solutions 
containing moiiosodium phosphate and borax, or disodium phosphate 
and boric acid, so proportioned that the dried mixture is non-crystal- 
line and has a pliable or colloidal nature, which causes it to adhere to 
fabrics, without stiffening them These investigators ])refer to use the 
phosphates of soda instead of ammonia particularly on fabrics because 
of the fact that the latter salts, tend to lose ammonia and hence the 
fireproofing compound not only becomes less effective, but gradually 

•U. S Patent No. 1.274,171 (1918). 

“U. S. Patent No. 1,397,028 (1921). 

"L. S. Patenls 1,501,895 and 1,501,911 (1918). 



304 PHOSPHORIC ACID AND PHOSPHATES 

assumes an acid nature, which deteriorates the fibre and injures the 
color of dyed materials. 

For certain inirjjoses the ai)i)licalion of coatings on cloth or fabric, 
which are both fireproof and water j)r oof is of very great importance. 
An outstanding case is the fabric employed, in making the wings of 
aeroplanes. 

In order to render such fabric, im|Xirvious to air and moisture, it is 
customary to coat it with such substances as pyroxylin or acetyl cellu- 
lose, which not only renders the material waterj)roof, but causes 
enough shrinkage to tighten the fabric on the frame. These coatings, 
however, are highly inflammable, which adds greatly to the hazards 
of aviation and hence a method of fireproofing or lessening their in- 
flammability is of considerable importance. 

Lindsay proposes to use both an organic and inorganic phosphate 
for this purix)sc. The materials employed and the method of appli- 
cation may be briefly described as follows: 

The fabric is first fastened to the aeroplane frame and a solution 
of ammonium phos[diate applied wdth a brush till the fibres are thor- 
oughly impregnated with the salt. After drying, the following solution 
is applied to the cloth. 


Pyroxylin 100 i)arts 

Tricresyl phosphate 50 “ 

Acetone 300 “ 

Methyl Alcohol 000 “ 

Am}l Acetate 300 “ 


Several coats of this solution may Ik* used if necessary to obtain 
the desired effect. 

The tricresyl j)hosphatc is said to materially reduce the inflam- 
mability of the i)yroxylin so that this tyjK.* of coating even without the 
addition of the ammonium phosphate is safer than that previously 
employed. The presence of fine cry.stals of ammonium phosphate in 
the fibres of the cloth, however, and their distribution through the mass 
of pyroxylin increases still further the fireproof proi>erlies of the 
fabric. 

Since the ammonium phosphate is coated with the waterproof 
pyroxylin the inventor claims that there is no danger of llie salt being 
washed away or lost on cxi)osure to the weather. 

It is not known to what extent phosj)hates are now used for fire- 
proofing^ purposes, but their consumption will probably constantly 
incrca^. 

“U. S. Patents Nos. 1,523,813 and 1,523.814 (1925). 
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Phosphoric Acid and Phosphates in the Refining of Sugar. 

Phosphoric Acid as a Defecating Agent. 

In the preliminary trejitment of fresh cane or beet sugar juice it is 
necessary to add a defecating agent to remove fibrous and albuminoid 
matter, neutralize certain organic acids and thus prevent fermentation 
and sul)secjuent inversion of the sugar when the juice is boiled. 

Thus defecation is brought about by heating the juice with milk 
of lime which on boiling produces a thick scum or precipitate of lime 
salts. Ordinarily the quantity of lime employed is from 0.2 to 0.3 
t>er cent of the weight of the juice, but the amount added should be 
carefully controlled since an excess of this base causes the sugar solu- 
tions to grow dark on boiling due to the dccomix)sition of glucose, etc. 

Sugar .solutions which have been heavily limed must be treated with 
an acid in order to neutralize them and at one time monocalcium phos- 
phate in the form of a thick i>aste was extensively employed for this 
purpose. While a limited quantity of this so-called ^'phosphoric acid 
paste” is still used to correct the alkalinity of sugar juice it has been 
found that this neutralization can be brought about as efficiently and 
more economically by the use of sulfur dioxide. 

A number of patented products, however, having monocalcium phos- 
phate as their base are now on the market, but while they are employed 
partly for the inirposc of neutralizing alkalinity of the juice their chief 
function is to promote subsidence of the non-sugars and colloidal 
material j)resent in suspension. Tor this purpose lime cream (milk of 
lime) is employed along with the acid paste with the result that a dense 
precipitate of tricalcium ])hosphate is formed which carries down with 
it the lighter organic precipitates and colloidal material which otherwise 
are very difficult to remove. The clear juice is then drawn off and sent 
to the evai^orators for concentration and subsequent crystallization into 
raw sugar. 

The use of phosphoric acid and lime as defecating agents had become 
pretty general as far back as 1888,®® as it was found that the precipitate 
of phosphate of lime improved the color and the rate of filtration of the 
juice. With the more general use of the filter press instead of the old 
bag fillers employed at that time, diatomaceous earth has come more 
and more into favor as a clarifying medium. For wash syrup and 
other low-grade sugar solutions the phosphoric acid-lime treatment is 
still preferred because of the type of precipitate formed.^® 

“Wamford and Newlands, Sugar, p. 622 (1888). 

Perkins, H. Z. E., Cane Sugar Refining at the Present Day, Louisiana 
Planter Reference Book, Vol. II, p. 39 (1924). 
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In a recent investigation conducted by the Hawaiian Sugar Planters 
Association it was found thfit juices of low i)li()sphoric acid content 
do not clarify well. Juices which contain less than 0.03 ]^er cent of 
P 2 O 5 gave cloudy solutions while those containing over this amount of 
P 2 O 6 gave clear solutions. It is recommended to add phosphoric acid 
where the quantity ])resent is subnormal. Needless to say that phos- 
phoric acid and phosphates used for the purification of sugar solutions 
must be free from arsenic, lead and other objectionable im])urities. 

Another process of defecating sugar solutions by the use of a sa|t 
of phosphoric acid was proi)osed by Legrange,"'* a b'rench chemi.st, 
about 1880. , 

This process, the a])parent j)urpose of which was to obviate the us^ 
of lime, was carried out as follows : 

To the boiling sugar juice a .sufficient quantity of a .solution of ' 
barium hydroxide was added to carry down the sulfate j^resent. This 
treatment was immediately followed by the addition of triammonium 
pho.sphate which carried down a precipitated mixture of triba.sic cal- 
cium, magnesium and barium jdiosphates. 

Since triammonium pho.sphate is quite an unstable compound, 
such a i)rocess is somewhat awkward and in the more recent treatises 
on the production and refining of .sugar no mention is made of this 
method of purification being practised at the pre.sent time. 

Demerara Crystals. 

Phos]>horic acid or monocalcium ]>hos])hatc is also empbiyed in the 
production of a type of unrefined cane sugar having a light yellow color, 
pleasing odor and delicate flavor. This sugar is sold under such names 
as coffee sugar, yellow sugar, and Demerara crystals. Its manufac- 
ture entails the preservation of the ]>hysical characteri.stics of the cane 
juice and the retention of certain aromatic substances, which the raw 
liquor contains. 

In producing this type of .sugar the cane juice is first .saturated with 
sulfur dioxide at ordinary temperatures. This sulfited juice is then 
pumped through a steam heater and the temjierature rai.sed to 212 ° F. 
The juice then goes to a settling tank, where it is treated with lime. 
After the impurities have settled the relatively clear juice which is of 
a dark green color is run into what is known as an eliminating pan 
provided with heating coils and a gutter surrounding the upjxT part 
into which the fnnh is skimmed. The juice is brought to a boiling 
temperature and jihosphoric acid added, which changes the color of the 

TJie* Clarification of Cane Juices, Facts Al^out Sugar, Vol. 19, pp. 610-16 
( 192 ^. 

^M.ock, Wigner and llarlaiid, Sugar Growing and Refining, pp. 372-373 

(1882j. 
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solution from green to a canary yellow by liberating the coloring matter 
from its combination with the bases in the juice. After skimming off 
the froth the juice goes to the multiple effect evaporators and hence to 
the crystallizing pans. 

Animal Charcoal. 

The most important phosphate product used in the manufacture of 
sugar is animal charcoal, the function of which is to decolorize, purify 
and sterilize the sugar solution j)reparatory to its concentration and final 
crystallization into refined sugar. 

No substance has yet l)een discovered for this pur^xise which com- 
bines the desirable ])hysical and chemical i>roperties of animal charcoal. 
It is true that activated carbons have been developed which weight for 
weight exert a far greater decolorizing effect on sugar solutions than 
animal charcoal, but these must be used on cloth filters since they are 
not in combination with a porous structure such as the calcium phos- 
phate of charred bone. Moreover, these activated carbons are expen- 
sive, the losses are often heavy and they do not remove a]ipreciable 
quantities of dissolved mineral matter which is one of the important 
functions of animal cliarcoal. 

Animal charcoal exerts a threefold action on sugar solutions. 

(1) The phosphate content of the char removes a considerable por- 
tion of the dissolved mineral matter from the solution, the presence of 
which is apt to effect unfavorably the crystallizing power of the con- 
centrated syrup. 

(2) The carbon absorbs the coloring mailer, dissolved iron salts, 
and organic impurities such as gums and uncrystallizable sugars. 

(3) The char effects a sterilization of the sugar solution by the 
absorption of microorganisms. 

While animal charcoal may be made from bones, dried blood, 
leather, horns or other animal products, the char which is used to purify 
sugar solutions should always be produced from high-grade bones. 

These bones are first crushed and then degreased, either by boiling 
or by means of a fat-extracting solvent. The degreased bones are then 
placed in cast iron retorts which arc heated to bright redness for eight 
to twelve hours. The by-products of this destructive distillation (com- 
bustible gas ammonia, bone oil and pitch) are collected and utilized 
for various purposes. 

The charred bones are discharged into metal containers which are 
immediately scaled to prevent the oxidation of their carbon c'iiitcnt. 
After the char has cooled it is removed from the containers, crushed and 
screened — the coarser particles (between % inch and inch) going 
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to the charcoal filters and the finer portion, or dust, being used in the 
manufacture of phosphoric acid. Magnetic scixirators are sometimes 
employed to remove iron and steel from the crushed product. 

Before being used as a jnirifying agent, however, it is usually neces- 
sary to remove any al)sorbed gases and soluble mineral matter retained 
by the bone in the charring process. Accordingly the granular char- 
coal is thoroughly washed with hot water, drained and again heated but 
to a consideral)ly lower temperature than that employed in the firsj 
instance. 

The following analyses, according Uj (i. Fairrie,'® is typical of i 
high-grade stock char at the Ijeginning of its use in the refinery. 


Carbon (C) 10 68 per cent 

Carbonate of lime (CaCOj) 7 90 “ “ 

Sulphide of lime (CaSJ trace 

Sulpb.'ilc of lime (CaSCh) .26 “ “ 

IMiosphate of lime (CaiP04)2 80 25 “ “ 

Oxide of iion (Fcj(h) .10 “ “ 

Silica (SiO.) 81 “ “ 


Total 10000 


The crushed, sic\ed and washed charcoal is then carefully packed 
in cast iron cylindrical filters from 30 to 50 feet in height and from 
3 to 8 feet in diameter. The lower portion of the walls of these filters 
are cone shajied and the bottom of each filter is provided with a per- 
forated plate, over which is placed a filter cloth to prevent particles 
of char from jiassing out with the clear, purified sugar solution. A 
door near the bottom of the wall of each filler is provided for the 
removal of the sjient or partially spent charcoal. 

The clear, unrefined sugar solution from the mechanical filters 
is slowly admitted (at a tem])erature of approximately 180° F.) through 
a pipe at the top of each charcoal filter and i^ermitted to ix;rcolate down 
through the column of charcoal. After the charcoal is completely sub- 
merged and the air driven out of the granules, the valve controlling the 
inflow of the raw sugar solution is oixfiied wide and the regular filtra- 
tion and purification i)rocess begins. It should take at least three 
hours for the sugar solution to j)ass through the column of charcoal 
and be discharged from the exit pipe at the base of the filter, since long 
contact with the charcoal is essential in order to completely decolorize 
and purify the solution and obtain one from which the maximum 
amount of sugar can he crystallized, 

"fniffar, p. 116 (1925). 

Ordinary filter presses for the removal of sediment and precipitated material 
from raw sugar solutions. 
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The quantity of char required (expressed as a percentage of the 
dissolved sugar in the raw sugar liquor) to yield first and second grade 
refined liquors will vary according to the purity and source of the sugar 
solution. According to Fairrie, solutions which have been properly 
treated before the charcoal filtration require from 175 to 200 per cent 
of charcoal to remove their impurities. In other words, 100 tons of 
sugar require from 175 to 200 tons of animal charcoal for its refine- 
ment. Normally such char will remove about 97 per cent of the color- 
ing matter and about 20 i>er cent of the mineral salts from the sugar 
solution. 

The same authority states that the total quantity of char utilized 
for liquors and mother liquors expressed as percentage of raw cane 
sugar entering the refinery varies from 70 to 100 per cent. Fairrie 
is careful to state, however, that these figures are only given as a guide 
since some refiners exceed them, while others use less charcoal. 

After being in use from 48 to 60 hours the refining power of the 
charcoal begins to diminish as is evidenced by the appearance of color 
in the filtrate. In order to restore the efficiency of the char, therefore, 
the valve controlling the incoming raw sugar solution is closed and the 
column of liquid in the filter allowed to descend until the upper part 
of the charcoal filter is exjx)scd. Boiling water is then admitted which 
forces the sugar solution before it and dilutes that in the pores of the 
charcoal granules. 

After this operation (which is known as “sweetening off” the char- 
coal) has been continued for about 16 hours the solution emerging 
from the base of the filter bed has a concentration of about one per 
cent of sugar. The water still in the filter is then allowed to stand 
for some time in order that it may thoroughly impregnate the char, 
after which the filter is thoroughly washed with boiling water. These 
final washings are run out into the sewer, since the impurities contained 
therein are so much higher than the sugar content that it is not prac- 
ticable to sei>arate and recover the latter. 

When the washing is completed (which requires from 12 to 16 
hours) the charcoal is allowed to drain, after which the filter is again 
ready for use. 

Fairrie states that al>out one ton of water is required to 
“sweeten off” every ton of charcoal and from one-half to one ton is 
necessary to wash it. 

Eventually the washing, or sweetening off process, will no longer 
restore the purifying properties of animal charcoal and it is tl^en neces- 
sary to reburn the char in order to revivify it. 

”Loc. cit., p. 121. 
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Revivifying kilns arc so constructed that the partially spent charcoal 
granules are first dried, then healed or reburned at a high temperature 
and finally cooled in their downward i>assage through pipes which 
diminish in diameter from toj) to bottom. "J'he reburning process opens 
up the ix)rcs of the charcoal and destroys or drives off part of the 
absorbed impurities, rendering the granules again effective as an absorb- 
ing medium. 

After long use, howexer (even where the greatest care has been 
exercised in washing and levixifying the material), animal charcoal 
loses its effectiveness ;ind is said to be “spent.” Such char is then 
utilized in the manufacture of plujsphoric acid or dissolved bone black 
for fertilizer ])ur])oses. 

Most of the sugar refineries still employ animal charcoal rather 
than activated vegetable carbons in eflecting the final purification of 
their solutions. This may be due in part to the fact that this method 
of treatment is well understood and the bulk of the refineries are 
equipped with the necessary apparatus, l^airrie ‘ ‘ states, however, that 
‘‘any refiner contemjdating an .addition to his animal charcoal filter 
plant, should carefully consider the use of Xorit in the mechanical 
or cloth filtration ])rocess. In this way he can send partly decolorized 
liquors to the charcoal house and effect an increase in the decolorizing 
capacity of his refinery ftir a snmller expenditure than if he installs 
new charcoal filters and accessories.” 

Phosphates in Fermentation Processes and Yeast Culture Media. 
Historical. 

The processes of fermentation and jmt refaction are chemical phe- 
nomena which were recognized from earliest times, but their causes 
remained unknown or unproven until the middle and latter part of the 
nineteenth century. 

In 1837 and 1838 three investigators, Cognaird Latour,'** Theodore 
Schwann,**^ and Kut/ing,*^’ independently, but almost simultaneously, 
hit upon the fundcamental secret of alcoholic fermentation, arriving at 
the conclusion through microscojnc investigations that the fermentation 
process is brought about by a living organism and is dependent on the 
reproduction of the yeast cell. 

This view, however, was bitterly o])posed at that time by such 

”I^c. ait., p 149 

’"Tht trade name for an activated vegetable carbon. 

"Ann. Chem Ph>s, Vol 68, pp 206-222 (1838). 

“Ann. I’hvsik., Vol 41, pp. 184-193 (1837). 

“J. pr. Chem., Vol. 2, pp. 385-409 (1837). 
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leading chemists as Berzelius,®^ Liebig,®® and Wohler,®* who regarded 
yeast as a chemical comix)und and would not admit the value of the 
microscopic evidence showing that it was a living plant capable of 
sustaining itself and of rapid reproduction in nutrient solutions. These 
authorities held that the phenomenon of fermentation was caused either 
by the instability of the so-called compound of yeast which communi- 
cated this unstable condition to the sugar solution, or to a catalytic 
power exerted by the yeast comjK)und. 

It was the classical work of Pasteur which definitely established 
the origin and functions of yeast and convinced the scientific world 
that fermentation changes were due to specific organisms which pro- 
duced them in the exercise of their vital functions. 

While Buchner later succeeded in ol)tainiiig from yeast a liquid 
(containing zymase) which in the absence of living cells was capjible 
of decomposing sugar into carbon dioxide and alcohol, this fermenting 
agent, as far as we know to-day, is the product of a life process and 
can be produced in no other way. 

Nature and Culture of Yeast. 

Yeast belongs to a group of so-called organized ferments and con- 
sists of microscopic cells, round or oval in form, which usually multiply 
by the ])rocess of l)udding. '^I'hcse buds become divided from the 
parent cell by a membrane, but frequently remain adherent after giving 
rise to further buds so that a kind of chain of succeeding generations 
is produced. The most favorable temperature for the growth and 
reproduction of the yeast cells is from 25° to 30° C., the upi>er limit at 
which growth ceases being about 53° C. and the lower limit being a 
few degrees above the freezing point. 

Just as in the case of animals and the higher types of plant life, 
phosphorus in the form of orthophosphate plays an essential role in 
the growth and propagation of yeast and hence is an important con- 
stituent of yeast culture media. 

While yeast consists chiefly of carbon, hydrogen, oxygen and nitro- 
gen, its mineral content is quite appreciable and according to the inves- 
tigations of Mayer,®^ which were later confirmed by Elion®® and 
Stern,®® the proportions of the various inorganic ingredients (including 

“flerz. Jahresbcrichte, Vol. 18, pp. 400-403 (1839). 

“Annalcn, Vol. 30, pp. 250-287 (1839). 

“Aimalcn, Vol. 29, pp. 100-104 (1839). 

“Ann. Chim. I’liys. (3), Vol. 58, pp. 323-426 (1860); Compt. rend., Vol. 80, 
p. 452 (1875). 

“Bcrichte, Vol. 30, pp. 117 124 (1897). 

”Lehrl)UcIi der GaninRSclicmic (1902). 5th Kditioii. 

“ Studicn iibcr Ilcfc, Cent. Bakt. 14 (1893). 

" Nutrition de la levurc. Jour. Chem. Soc., 1899 and 1901. 
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jAosphates) in a culture medium best suited for the propagation of 
yeast are the same as those present in the yeast as shown by analysis. 

In the following analyses (as reported by Mitschcrlich it will 
be seen that r 2 C )5 is the i>redoniinating mineral constituent of the ash 
of the yeast plant. Potash, magnesia and sulfur, however, are also 
indispensable to the life of yeasts. 


TABLE LXIII 


Analyses oi thl Ash oi ^lasi (T*lr Cent) 


Ingredient 

Ppper FermiMita- 
tioii Ye.ist 

Lower Fermenta- 
tion ^'cast 

Potash (KOa) 

38 8 

28.3 

Lime (CaO) 

1.0 

4.3 

Magnesia (MgO) 

6 0 

8.1 

Phosphoric acid (PjOo) 

Silica (SiOa) 

53 9 
trace 

59.4 




As far back as 1860 Pasteur produced a crop of yeast in a liquid 
medium containing only com])aralively simj)le substances of known 
composition, such as sugar, ammonium tartrate and a mineral phos- 
phate. This is possibly the first experiment recorded wherein an 
inorganic phos])hate was imrposely added to a culture medium and it 
seems doubtful if Pasteur knew at that time what a significant role phos- 
phorus plays in the growth and reproduction of the yeast cell. 

Wroblewski in 1901 observed that the presence of sodium phos- 
phate increased the fermentation of yeast juice, and lUichner, who also 
noted the same jjhenomenon, attributed it to the alkalinity of this phos- 
phate compound. 

The imjx)rtant part which phosjjhates ])lay in yeast culture media 
was discovered in seeking the cause of the rapidly diminishing ferment- 
ing power of yeast juice. \\'ith the idea of producing anti-ferments, 
the fermentation process was conducted in the ])resence of serum from 
animals into which yeast juice had been injected. It was observed that 
instead of inhibiting the fermentation of yeast juice the ] presence of 
serum from both treated and untreated animals increased the rate of 
fermentation. 

Autolyzed yeast juice which had been boiled and filtered was also 
found to produce a marked increase in the fermentation of sugar solu- 
tions. 


•“L^rbuch d. Chem., Vol. 1, p. 370 (1884). 

“Ann. Chitn. Phys. (3), Vol. 58, pp. 323-426 (1860). 
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According to Harden and Young,®® the increase in fermentation of 
such solutions was finally traced to the two following causes: ( 1 ) the 
presence of phosphates in the liquid, and ( 2 ) the existence in boiled 
fresh yeast juice of a co-ferment, the presence of which is indispensable 
for fermentation. 

It has now been pretty generally conceded that for the rapid decom- 
position of sugar solutions by fermentation, the presence of a phosphate 
is highly important if not essential. This phosphate is not only in the 
yeast juice but as shown in Table LXTTI, is a constituent part of the cell. 

Harden ®^ states that the phosphorus takes a very active part in the 
fermentation and goes through a remarkable cycle of changes, the 
decomposition of the sugar being accompanied by the formation of a 
complex hexosephosjihate from which the phosiihate is split off and 
again rendered available by means of a special enzyme termed hexo- 
phosphatase. 

Action of Phosphates in Fermenting Mixtures. 

When a suitable quantity of a soluble ])hos])hate is added to a fer- 
menting solution of a sugar and yeast juice the rale of fermentation 
rapidly increases. The speed of the reaction being sometimes as much 
as 20 times that at which it normally proceeds. 

This increase in the rate of fermentation continues for a while and 
then gradually falls to a point approximately equal to the original rate. 

Harden and Young,®® after careful exi)erimentation, found that 
during this period of enhanced fermentation the amount ni carbon 
dioxide and alcohol produced exceeded those formed in the absence of 
added phosi)hate by a quantity exactly equivalent to the phosphate 
added in the ratio of COo or CoHr,( )H : Na^HIH > 4 . It is not within 
the scope of the present work to give in detail the manner in which 
these experiments were conducted but the results obtained indicated 
that a definite chemical reaction occurs in which both sugar and jdios- 
phate are concerned. This conclusion was confirmed by other experi- 
ments in which the solutions employed were boiled and filtered (after 
the rate of fermentation had subsided) and it was found that nearly 
all of the phosphate was in organic combination. 

l^ermann and Kulp made periodic determinations of the inorganic 
phosphate present during the fermentation of a nutrient solution of 
molasses containing small quantities of superphosphate and ammonium 

T. Physiol., Vol. 32, proceedings of Nov. 12 (1904) ; Proc. Chem. Soc., Vol. 
21, pp. 189-191 (1905). 

Alcoholic Fermentation, p. 17 (1914). 

“The Alcoholic Fermentation of Yeast Juice, J. Physiol., Vol. 32, Proceedings 
of Nov. 12 (1906). 

“Wochschr. Brau., Vol. 42, p. 39-40 (1925). 
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sulfate and found that rapid esterification of the P 2 O 5 with the sugars 
takes place during the early stages of fermentation. These same inves- 
tigators in another article state that the yeast cell consumes phosphate 
in an irregular manner but that the rale of consumption gradually falls 
off with time. 

Euler and Johansen claim that in their ex^xiriments where equiva- 
lent quantities of glucose and a phosphate were present in a fermenting 
mixture, all of the glucose had disa]>i)earcd when the phosphate wasi 
completely esterized. 

Harden expresses the reaction Ix'twceii glucose and a dibasic phos- ' 
phate salt as follows : 

(1) 2CJI,X)c + 2Na,nr().= 

2a), -f- 2ai l,( )H + 2UX ) + Coll,oC)4(Na,l’04)2 

According to the above e(|uation one molecule of the sugar is con- 
verted into carbon dioxide and alcohol while the other molecule is 
converted into a hexosephosjJiate and water. 

When alcoholic fermentation ceases, however, there is a marked 
and rapid increase in the quantity of free or mineral phosphate since 
the hexosephosjdiate undergoes hydrolysis thus — 

(2) CJW)i(Na.llPOi). + 2IL() = + 2Na,Hr04 

In other words, reversion takes ])lace and glucose and water are 
again produced. Ihit since the quantity of glucose (or other sugar) 
thus formed is equivalent only to the mineral jdiosjdiate in the solution 
the reaction cannot again ])roceed according to equation ( 1 ) until 
further quantities of sugar are added. 

If an excess of sugar be present, then the decomposition of the 
hexosephosphate (as alcoholic fermentation slackens) gives free min- 
eral phosphate to react with further quantities of glucose but the 
reaction then proceeds at only a sk^w or normal rate. 

Harden and Young found that by the sim]>Ie expedient of renew- 
ing the supply of mineral phosphate (in sugar solutions) as fast as 
it was converted into hexosephosphate, a high rate of fermentation 
could be maintained for a considerable ])eriod of time. 

Thorp suggests the following scheme as explaining the action of 
sugar and phosphate in the yeast cell. 

*‘The sugar first difluses into the cell and it has been shown that 

Clicmjpldsty, Vol. pp. 79-82 (1925). 

“Zcjjsch. Physiol. Chem., X’ol. 85, pp. 192-208 (1913). 

••'Loc. cit. 

*®"Loc. cit. 

^“Dictionary of Applied Chemistry, Vol. 2, p. 522 (1912). 
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the rate of diffusion is much more than sufficient to supply the sugar 
necessary for fermentation. . . . Inside the cell the sugar, either as 
such or having undergone some change, combines with the fermenting 
complex and is thereby brought into relation with phosphate ])robably 
also combined with the fermenting complex. This association of fer- 
menting complex, sugar and phosphate then breaks clown with the 
liberation of the fermenting complex accomjjanied either by the forma- 
tion of carbon dioxide, alcohol and hexosephosphate, as in equation 
(1), or of the products of some intermediate stage of this reaction. 
It is prol)ably the rate of this decomiK)sition which is measured as the 
rate of fermentation.” 

With few exceptions all of the yeasts isolated up to the i)rescnt 
grow well ill artificial media containing inorganic phosphate salts. In 
the following table comjnled from data presented by A. (luilliermond 
and b". W. Tanner some of the common culture media recommended 
by various authorities are given : 

TAbLi: LXIV 

Common Ylast Cultukl Media Coniainini; InowiAnic Salts oi- ORTiioriios- 

PIIORIC A(I1) 


Quantities of Iiigretlienls (Grains) 


Authority 

Peptone 

Maltose 

u 

bi) 

P 

CTJ 

Asparagin 

Magnesium 

Sulfate 

Ammonium 

Sulfate 

Potassium 

Phosphate 

Calcium 

Phosphate 

Distilled 

W'ater 

Hansen’s medium 
No. 1 

m 

5 



0.2 


0.3 


100 

Ilan.scn's medium 
No. 2 

1 

5 



0.5 


0.3 


100 

Mayer’s culture 
medium 

n 


15.0 


5.0 

0.75 

5.0 

0.5 

KKK) 

Laurent’s medium . . 


. . . 

any 


0.1 

4.71 

0.75 


1000 

Ilaydruck’s medium 
Colin’s solution 

H 

. . . 

sugar 

1(X) 

2.5 

17.0 


5().()' 


2000 

■ 


20 

... 

1.0 


2.0' 

d.i 

200 


“ Potass, acid phosphate (KTl 2 F^ 04 ). 

•’Ammonium tartrate instead of ammonium sulfate. 
'Dicalcium phosphate (CallPO^). 


In the above table potassium phosphate is the chief carrier of phos- 
phoric cicicl specified, but disodium phosphate and mono- and dicalcium 
phosphates are also employed. In recent years ammonium phosphate 
as an ingredient of yeast culture media has grown in favor since this 
^‘•"The Yeasts, 424 pages (1920). 
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compound furnishes both the P 2 O 0 and nitrogen required in the growth 
and propagation of the yeast cells. 

A number of patents have been issued in which ammonium phos- 
phate is mentioned as the chief carrier of nitrogen and phosphoric acid 
in yeast culture processes.^®® 

L. E. Buffington claims to have developed a ‘'no fermentation 
period dough*’ (containing ammonium phosphate) with which the 
entire bread making operation may be completed in less than twd 
hours. 

According to this invention small quantities of pepsin, lactic acid 
and ammonium ])hosphate arc mixed with the usual bread making 
ingredients and the dough baked almost immediately rather than allow- 
ing it to stand for several hours as is done in the case of ordinary 
bread made with yeast. 


Phosphates in the Weighting of Silk. 


Before being manufactured into textiles, raw silk is subjected to 
several treatments with a view to making it soft and glossy and render- 
ing it suitable for subsequent dyeing o])erations. 

The first step in processing the fiber is called discharging, stripping 
or degumming, and is really a scouring process designed to remove the 
sericine or silk glue which causes the fiber to feel coarse and stiff. 

This sericine is dissolved by treating the silk with a soap solution 
at a temjjerature just a little below the lK)iling point (205® F.). In 
this scouring process the silk loses from 20 to 30 per cent in weight, 
but the product is soft and lustrous and in an excellent condition for 
the next step in its treatment. The soap solutiem which becomes 
heavily charged with the gum-like material (originally a part of the silk 
fiber) is subsequently utilized in the dyeing process, a discussion of 
which is not within the scope of this book. 


After being scoured and washed free of soaj), the silk is ready for 
weighting, which adds to the fiber a quantity of material sometimes 
more .than equal to that lost by the scouring process. 

The details of silk weighting were at one time jealously guarded 
and while the processes employed are now no longer secret, little is 
known of how and when they were discovered and developed. 

The most important agent in the weighting of silk is tin, the salts 
of which are more readily absorbed by the silk fiber than those of any 
other metal. Tin chloride is usually employed for this purpose, al- 
though tit* sulfite is said to be in some respects superior to the chloride. 


S. Patents Nos. 1,449,103 (1923); 1,449,111 (1923); 1,449,127 (1923); 
1,580,550 (1926). , v y. 

“•U. S. Patent 1,500,545 (1924). 
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The affinity of silk for tin is such that it will readily take up from 8 
to 10 per cent of its weight of this oxide and in some types of goods 
the weight of the silk is more than doubled. 

Proper tin weighting has a most beneficial effect on both the luster 
and handling of the silk and if used in connection with phosphates does 
little or no harm to the strength, elasticity, and durability of the fin- 
ished goods. 

The discovery of the value of disodium phosphate in the weighting 
process was a great advance in the art of silk manufacture. Before 
the advent of phosphates, the goods after being treated with a salt of 
tin were immersed in or waslied with ammonia water, sodium carbonate, 
or some other alkali solution, for unless the slight acidity of tlie tin 
salt was neutralized, the fiber was unable to be weighted any further 
by rei^ated treatments with a tin solution. After neutralization, how- 
ever, the fiber which acts like a free base is able to lake up an additional 
quantity of the tin salt. 

The treatment of the silk with dilute alkali always left a precipitate 
of hydrated tin oxide on the fiber and this free base often proved 
injurious to the goods when they were exposed to air and light. 

By the use of disodium i^hosphate in lieu of the alkalies mentioned 
above, the acidity of the tin chloride is neutralized and a phosphate 
of tin produced with the result that the durability and strength of the 
fiber is increased instead of diminished and the cost of weighting con- 
siderably reduced. 

It has subsequently been shown that the use of sodium silicate, in 
addition to a tin salt and disodium phosphate makes it possible to 
increase even further the ixirccntage of tin absorbed by the silk fiber. 

Silk weighted with tin phosphate is perfectly suitable for dyeing; 
in facll, siccording to Matthews,^”® modern silk dyeing is economically 
impossible without tin weighting and the use of ])hosphates has ren- 
dered the weighting process both safe and profitable. 

‘‘Manufacture and Uses of Tricalcium Phosphate.” 

Relatively small quantities of tricalcium phosphate have been used 
for some time in the production of certain tooth pastes and in medicinal 
preparations, where a bone building material is prescribed. 

In recent years, however, a new and wider use for pure tricalcium 
phosphate has been developed which has made the production of this 
compound of some commercial importance. This is the employment 
of tricalcium phosphate as a conditioner in table salt. 

. Practically all table salt contains impurities sufficient to reader it 

i»The Textile Fibers, 1053 pages, John Wiley and Sons, Inc. (1924). 
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somewhat hygroscopic, particularly in certain climates and during sea- 
sons when the humidity is high. 

This hygroscopic property of salt causes it to cake and at times 
become so damp that it is inconvenient to handle and difficult to dis- 
tribute uniformly in the food which it is desired to season. 

It has been found by mixing 1 ikt cent or more of certain light 
llocculent ]n*ecipitated comjjounds with such salt that the latter largely 
loses its caking properties and will How sufficiently freely to permit itp , 
ready distribution in food j^roducts. I 

"J'hc i)robable action of these finely divided insoluble preciiiitatei 
is to coat the salt grains with a thin film which not only protects them'^ 
from the humidity of the air but also acts as a kind of dry lubricant , 
preventing the salt particles from adhering to one another. 

The two precipitated comjKmnds which have given the greatest 
satisfaction in im])arting that desirable “free running'' property to table 
salt, are magnesium carbonate and tricalcium ])hosphate, but the use 
of the latter comjiound has recently grown in favor, it being argued 
that the i)resence of small i>ercentages of inorganic ])hosphates in food 
products is unobjectionable if not actually desirable. 

Since tricalcium phosphate is generally regarded as the end i>roduct 
representing the complete neutralization of i)hosphoric acid by lime, 
its manufacture would appear oflf hand to be a relatively simple 
jM'oeess.’"'^ Ill actual practise, howe\er, considerable difficulty may be 
ex])erience(l in obtaining a product free from either dicalcium phosphate 
or hydrated lime unless great care be exercised in its ]>rei)aration and 
strict attention given to the various manufacturing details. The general 
]>rocedure employed may lie briefly described as follows. 

An emulsion of milk of lime is first jirejiared, and to insure the 
absence of small lumjis of burned lime or of undesirable imjiurities 
this emulsion is strained, diluted and mixed with dilute ])hosi)horic 
acid. Ill order to insure the absence of free lime in the product, the 
quantity of phosj)horic acid emjiloyed is .slightly less than that theo- 
retically required to produce tricalcium jfliosphate. 

The mixture is heated and agitated in large tanks until sufficient 
time has elapsed for the reaction to go to completion The thin emul- 
sion of tricalcium phosjihate is then jnunped to a filter jiress and the 
bulk of the water eliminated, after which the damp cake is removed 
and dried at a temjieralure sufficiently low to prevent the loss of the 
one molecule of water of cry.stallization, which such tricalcium phos- 
phate contains. 

c 

(loul)t exists as to whether or not tricalcium phosphate is actually 
the final product of the cotiiplele neutralization of HaPt)^ with CaO. A product 
is often olitaiiied which more nearly conforms to the formula Caa( P 04 )aCa 0 . 
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The dried phosphate must be milled to obtain a product of the 
desired degree of fineness, hut this operation is relatively simi)le since 
it merely consists in breaking up the loose aggregates and is not strictly 
a grinding process. 

The material is tlien put up in barrels or kegs for the market. 

The product prepared according to the general method outlined 
above will usually contain a small percentage of dicalcium phosphate, 
but since the conditioning properties of this comiK)und arc similar to 
those of tricalciuni phosphate its presence is in no wise objectionable. 

No accurate figures are available showing the quantity of tricalcium 
l)hosphate annually consumed in tooth paste, medicinal preparations and 
for conditioning table salt but it a]>pears conservative to estimate this 
amount at approximately 1,000,000 ])ounds or 500 short tons. 
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Table LXV.— Processes for the Production of Soluble or Available Phosphates by Sulphuric Acid Treatment. 
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Table LXM.— Processes for the Production of Soluble or Available Phosphates by Treatment with Aicds Other Than 

Sulphuric. 




Table LX VI. —Processes for the Production of Soluble or Available Phosphates by Treatment with Acids Other Than 
• Sulphuric — Continued. 
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Alkaline Earth — Continued. 
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Table LXIX.—Processes to be I sed is Conxectiox with the Iron and Steel iNDrsTRiEs for the Production of Soluble or 
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Table LXX— Processes for the Production of Phosphorus and Phosphoric Acid by Volatilization. 
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Table LXX.— Processes for the Production of Phosphorus and Phosphoric Acid bv ^'oLATILIZATIO.^•— CoiKiHMcrf. 
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Phosphoric Acid — Continued. 
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Table LXXII —Processes for the Production of Soluble or Av\il\ble Phosphates Containing Taivo or More Fertiuzer 

Continued 
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Table LX XI I.— Processes for the Production of Soluble or Available Phosphates Containing Two or More Fertilizer 

Ingredients — Continued. 






Table LXXII.— Processes for the Production of Soluble or Available Phosphates Containing Two or More Fertilizer 
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electrolyzed, chl'iine leintr evi'lved at the anode and 
hydroffen at the cathode. At the cathi'de a precipitate 
of Ca.IIjPjOs 13 formed. 
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T^ble LXXV. — Processes and Apparatus for the Mechanical Treatment of Phosphate Rock and Soluble Phosphates. — Continued, 
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Table LXXVI — Production of Soluble or A\ailable PnobPHVTEs b\ Miscell\neols Processes 
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Table LXXVI. — Production of Soluble or Available Phosphates by Miscellaneous Processes— 
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